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Real-Time Simulation Model 
of the HL-20 Lifting Body 

E. Bruce Jackson 
Christopher I. Cruz 
W. A. Ragsdale 

NASA Langley Research Center 
Hampton, Virginia 


Summary 

This report documents the current realtime “J^g^yVesearch Center, 

body vehicle, known as version 2.0, P re ^ tly - ti geometries, guidance and control 

addition, ^rim case and dynamic check case 

data are provided. 

develop S vahdale ^^uivaienT sKat^on" 
analytical studies. 

Introduction 

A recent NASA effort to provide an 

has resulted in the proposal of _a ujew - lifting ^ yeh ^ id dy low aspect ratio, canted 

agement guidance' and* control U« patterned after the Space Transportation System 
Shuttle Orbiter control laws. 

A requirement for such a vehicle is the 

are‘either y pilo.,ess or in which the pilot- 

qualified crewmembers are incapacitated. 

A simulation study util, zing 

and the Visual Motion Simulator (VMS) simu at k P ^ autom | t ic landing methods. 

SS ahdXtas«7Sn building simulations of the HL-20 to be used in further 
development of the vehicle. 


Symbols and Abbreviations 


a 

b 

c 

ho 

hi 

hi 

h c 

h cg 


‘XX 

Iyy 

In 

Nz 

Qb 

S 

Vi 
xo 
X 1 
X2 
Xl 
Xap 
X cg 
Xep 


Parabolic preflare curvature constant, rad/ft 

Initial normal acceleration increment in preflare, ft/sec 2 

Reference wing span, feet 

Mean aerodynamic chord, feet 

Initial center of gravity altitude, feet 

Parabolic slope intercept altitude, feet 

Inner glideslope capture height, feet 

Commanded altitude, feet 

Height of center of gravity above runway, feet 

Parabolic zero-slope altitude, feet 

Moment of inertia about body X-axis, slug-ft 2 
Moment of inertia about body X-axis, slug-ft 2 
Moment of inertia about body X-axis, slug-ft 2 
Acceleration in body Z-axis, ft/sec 2 
Body axis pitch rate, rad/sec 
Reference area, feet 2 
Initial flare velocity, ft/sec 

Initial center of gravity location in runway coordinates, feet 

Parabolic slope intercept range, feet 

Inner glideslope capture range, feet 

Inner glideslope runway intercept point, feet 

Outer glideslope aimpoint range, feet 

Location of center of gravity in runway coordinates, feet 

X-axis location of pilot's eyepoint in aircraft coordinates, feet 

Parabolic zero-slope range, feet 
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Y-axis location of pilot's eyepoint in aircraft coordinates, feet 
Z-axis location of pilot's eyepoint in aircraft coordinates, feet 


Yi Outer glideslope angle, degrees 

Yi Initial preflare curvature rate, rad/sec 

yi Inner glideslope angle, degrees 

CGI Computer Generated Imagery 
DEL Left wing flap deflection, degrees 
DER Right wing flap deflection, degrees 
DLL Left lower body flap deflection, degrees 
DLR Right lower body flap deflection, degrees 
DME Distance Measuring Equipment 
DR Vertical tail deflection, degrees 
DUL Left upper body flap deflection, degrees 
DUR Right upper body flap deflection, degrees 
DCPILOT Manual pitch control signal, units 
DWPILOT Manual roll control signal, units 
EADI Electronic Attitude Display Indicator 

FORTRAN FORmula TRANslator, a computer programming language 
HAC Heading Alignment Cylinder 

HUD Heads-Up Display 
HSI Horizontal Situation Indicator 

NZQ Pitch control law using acceleration and pitch rate feedback 
PLS Personnel Launch System 
RWD Right wing down 
SAS Stability Augmentation System 
TACAN TACtical Air Navigation 
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TSRV Transport Systems Research Vehicle 
TED Trailing Edge Down 

TEL Trailing Edge Left 

TEU Trailing Edge Up 

VMS Visual Motion Simulator 

Model Description 


Description of Vehicle 


£-7? *■£ 7p“ ^ure^X^^s^eM^^woui^be'launc^ecTinto K 

system, and perform a gliding reentry and horizontal unpowered landing. P P 

The HL-20 lifting body has been designed to carry up to ten peoDle and/or email 
amounts of cargo. New construction techniques will facilitate maintenance of t^ vehTcle 
and permit rapid turnaround between landing and launching [1]. h 

co " ce 1 P t was chosen for the PLS role to provide sufficient cross-range 
capability to allow a higher number of landing opportunities while keening aernrlvnamL 
heating and deceleration during reentry at acceptable levels [2]. ^ ^ 
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Axes, units of measure and sign conventions 

This simulation model uses conventional measuremen 



Atmospheric data 

dimmed flight condition sets and the dynamic check case da . 

Model assumptions and limitations 

The configuration to be studied is described as the baseline configuration in [4], with 
the smaller all-moving rudder. 

numtars^r^To'To rtc.ton S3: '£££* SgSuS? * 
Assumptions include vehicle X-Z P 1 ™ 

for validation purposes only. Perfect 

navigation sensors are assumed. 

All landings in the TSRV and VMS a/l^^approach end overrun 

Stapleton runway 26L, which is 10,00 1 y » however, the runway has been 

conven^ntly°placed °at S W » S« *<“ " ** 

above ground level and height above sea level. 
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provided since the deslgn'of 00 1 ^ 1 } ding gear model is 

phasic landing gea? X) SSe^ 2STJS 

Aerodynamic model 

± 5 degrees. Actuator position limits are af follows? h gher) ’ a " d Sldeshp betwcen 

± 30 degrees (rudder & wing flaps) 

+ 60 degrees (lower body flaps) 

- 60 degrees (upper body flaps) 

The data are presented in both tabular and mnhir-ai fXrtv«o» tu L ■ 
parameters for a polynomial pnnnHnn ; n i S ^phical format. The tables are usually 
deflection angle poly " omiaI «I uatI °" a »g'e of attack, based upon Mach number and 

refe^n^&XStof ™ m \ asured al a ™»m 
to the nose of the vehicle Y 8 ’ al ° ng the Xaxis ’ where 0 % corresponds 

efer to Appendix E for more information on the aerodynamics model. 

Aircraft geometry and inertial characteristics 

Reference quantities 

The current HL-20 aerodynamic reference quantities are given below: 

~ | — 


chord, c 

area, 5 

span, b 

Pilot eyepoint location (relative to c.g.) 

Xep 

yep 

%ep 


28.24 ft 
286.45 ft 2 
13.89 ft 

7.87 ft 
-1.35 ft 
-3.42 ft 


Landing gear geometry 

given in Figure 3 . C Tlhs ca’n^serve as ? ^S^fon n? 6 1 a n dl ng gear _ in bod y coordinates, is 
until a more formal landing gear dynamics m«lel isTJeto^T 0 '” 0 land '" g geaf modds 
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2 . 


Not to scale 


Figure 3. - Landing gear geometry 


Inertial data 


Current HL-20 landing weights and inertias are listed below: 


Weight 


19,100 lbs 


^ r 


X C g 

/« 

Iyy 


7,512 slug-ft 2 
33,594 slug-ft 2 
35,644 slug-ft 2 
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Pilot Interface 


Pilot hand controller characteristics 

orff^ C i^2?/ im u la ? 0n i® t Langle y Researc h Center utilized a left-handed side stick 
Design settings for the McFadden control loader are given below: 


Parameter 

Pitch 

EcU 

Breakout 

± 1 lb 

±1 lb 

Displacement 

1 8° fwd 
20° aft 

±20° 

Max Force 

12 lb fwd 

13 lb aft 

± 6.5 lb 

Velocity Limit 

35 in/sec 

35 in/sec 


The length of the side stick is 7.5 inches (pivot point to top of grip). 
The measured control stick characteristics are given below. 
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Pitch axis: Figure 4 below gives the force/displacement curve for the VMS hand 
controller in the pitch axis. Figure 5 gives the calibration of displacement in inches to 
pitch control signal DCPILOT. 

By time history measurement, the pitch axis hand controller frequency and damping 
are 23 rad/sec and 0.85, respectively. 
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Roll axis: Figure 6 below gives the force/displacement curve for the VMS hand 
“«"idwIlOT. F ‘ 8Ure 7 giV “ ,he Caiibra,ion ° f dis P'~ in inches toroU 

16 “ vd“‘' 11,6 ro " 2X15 hand ““ and dam P“8 -0 


-surfaces- 
.satu rated. 
LWD 


surfaces 
"saturated" 
— RWdJ — 


Displacement, inches — 
Figure 6. - Lateral stick force characteristics 


p 40 
§ 2 „ 


“surfaces" 

i 

saturated 
" I LWD 


.n> -20 

V) w 


surfaces 

"saturated" 

rwdI 


Displacement, inches 


Figure 7. - Lateral stick command signal versus displacement 




Cockpit displays 

Heads Up Display. The heads up display (HUD) symbology, depicted below in 
figure 8 is mixed electronically with the out-the-window vtsual scene and P^ented to 
the Jd'ot !n the forward field of view. This is equivalent to the projection of an actual 
heads-up display in the cockpit. 


airspeed 

300 

boresight 

+ 

altitude 

1765 


v\ oto&l 

— ’ 

flight director 

fit path ref wedges 


-&> 

P 7 

velocity vector 

preflare cue wedges 



H3-H 

sb cmd/sb pos 

Figure 8. - Heads-Up Display (HUD) schematic 


Key symbology includes airspeed (knots equivalent) on the left, altitude in feet on the 

right, a boresight symbol (+), a velocity vector symbol (-£>-), all shown in white, and a 
red (for commanded) flight director symbol ( O ). When situated on i final l PP ro ^ 1 ?, a 
Dair of white flight path reference wedges appear at -17 below the honzo . 
approaching the preflare point, a pair of red preflare reference wedges move up from the 
bottom of the HUD. The reference wedges merge with and obscure the flight path 
reference wedges at the beginning of preflare. The reference wedges then trace 
nominal preflare flight path angle until the inner glideslope is reached, at which point all 
reference 3 markers are removed, leaving altitude, airspeed, and velocity vector for the 

final flare maneuver. 

In addition to those symbols, a speedbrake bar is shown in the lower right hand corner 
of the HUD with two triangle markers. The upper marker, colored red, shows t 
autosoeed logic commanded speedbrake position (in percent) and the lower marker, 
colored white! shows the current speedbrake position command fr^ 
logic or the manual speedbrake handle in the cockpit . The left side ot the oar 
corresponds to retracted speedbrake, and the right side of the bar corresponds to fully 

extended speedbrakes. 
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Roll Index 



Lateral Acceleration 
Indicator 



Localizer Deviation 
Indicator 


± 


Figure 9. - Electronic Attitude Display Indicator (EADI) display schematic 


disphyinXator^S^ is the electronic attitude 

(g > I s 8iven ’ as we " as a 2*3Eta lape^on Ae leV. s^ofTi 

Situation Display . A conventional horizontal situation disolav rRSH'i ic 
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Guidance and control system 

Glossary of Terms 


law listings and diagrams is^^^ppJSfx A namW ^ “ the guidance and control 


Outer Glideslope 



Final Flare 


Inner Glideslope j 

J 



Guidance laws 


commands^ gidde fh^veh^d^from'^ch 4°to ^and^^^Al^pnvf and ^ director 
flight path angle and bank angle commands T«m rr ^ ^ gmdance modes generate 
based on TAcIn, and the ocKsi^a S tg «“ 

the Lndbig^site! fh^TdownS Teardrop' S?? '° direC ' f vehide *° % °ver 
glideslope. An angle of attack versus MniSfnnmk 0 ,ne i?. p ^ lth the ninway on the 
approach. Energy is contro.led by varying the ,™Tn^ 

applcTgeome^'^ed Tnlhe^Sp-rcS' S^'*' < HAC) al * ori,hm "=sembles the 

With distance to go to touchdown^ flying Lgenu^h^HAr^ by H C . 0mpa f ing altitude 
runway. ’ y g ldngent t0 the HAC, around it, and then to the 


I1IIS ^Slope'S m e To 8 u!fhdow Pe ' • a P arabolic P»1'»P 
by limiting the sink rate as a functi™ of affi. ' Z ouch . d ? wn s “ k rate is controlled 

approach trajectory is given in Appendix B. d M C lnforma,lon ab out the final 
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control laws is given in Appendix C. 

Control Laws 

The control laws d^aUedm include control " 

supersonic flight regimes, ^he subsonic control however, are 

comparisons and initial piloted 

investigations. 

Pitch control Ian,. The NZQ R> ‘ C J, ^InVel ope fVom^pe^ic ^anding^ 
good handling qualities through the fl, S h |® n . J uidance \ are summed with a filtered 
Commands from the pilot's stick (or automatic guidance) are su ^ an devator 

combination of vertical acce ^ at '° n ’ ^’ th P at ho i ds w z to maintain a nearly constant 

“»“»•«* *• — -p«” ” *““ 1 “ “ 

flight regime. 

RolUYar, control law. The 

systems. Both roll and yaw rates are fed back mo the appropna s ^ ^ mc 
ted“g'naHs parsed toough a two second washout filter to allow for steady state 
turns. 

Speed control law. The speed trim value 

If equivalent airspeed increases or decreas subtracted to the 

is ^ lied 10 ,he 

resulting command to reduce control activity to wind gusts. 

Controls mixer 

commands into four separate body flap actuator command . 

Supersonic aerodynamic roll “"’“Jj'L^^effiSdy^ flaps wilf cause left yaw). The 

of ,he yaw ’ due ,o the 

diheSal effect of the lifting body shape (left roll in this case). 

Sneed control is achieved through simultaneous deployment of all four surfaces, with 
a biasbwwwn'upperand lower deflections to reduce pttch coupling. 
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has priority over speedbrake fbncdon. 1 " Thisls mechlf naps for ro11 func tion 

authority by an amount equal to the absolute value of thTaltroVcommand 6 speed brake 

nose up pitching flaps ' wilh ““'stance for large 

ar, ' fidal S,abi,izalio " * **>»« sideslip 

The rudder command is fed directly to the rudder actuator. 

Control surface actuators 

control sSel^'e"™ ^^“de",^ ‘‘V™ a ? uator ■»« all seven 
bandwidth (0.05 t'nie^i^am) an^a M-deg^^per-se co^d rate^imic Wi ' h 3 2 ° 

Verification Data 

Trimmed flight conditions 

pu^ P s en | X nc?the S veh?d?islS m , 8h ‘ condi,ions for validation 

these conditions do not represent inertfaliy EnacceTeS 

jssmb sss saasafs 

toTeneme Sepofnts wasT^^ I^ t s“ l ^^SSJdu^SSd 

w« 8 s 1 achS’evS Vary a " i,Ude a " d C ° n,r01 SUr ' fa “ P° sitions unfair, t r cde d raSn h of P rg 

Autoland trajectory 

feeifwafsTmulated 6 ^ng^hTamolL Ma . ch 4 and 105 ’ 000 

guidance laws presented earlier in this report Figure l^ho^h 12 a ,gnment c y linder 
Mach number and indicated airsneed KJ? g ■ 2 ^ 
simulated approach tr^ecto^ P P ^ 3ga ' nSt do wnra "g e di ^ance for this 

almo« fntirelj ge d ir"u p Sear iS n0rmally depl0yed al 200 f “*> ,his «j«=tory is performed 
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Altitude, feet Cross range, feet 




Dynamic Check Case data 

Appendix F contains time history plots that show vehicle responses to senarate 
control input pulses in the four pilot controls (pitch stick, roll stick Judder pedaband 
speedbrake handle) in three different flight conditions (Mach 0.8, 2.0, and 4% These 
pulses, of varying duration, are input after the simulation has run for one second from die 

follows. 011 (glVen in Appendix D) - The magnitude and durat ^ n Senses Se as 

Control 
Input 

Pitch Stick 

Roll Stick 

Yaw (Pedal) 

Speed brake 

„ J F ? r MaCh 2 ini , tiaI condition > the pitch stick input is forward since the Ditch 
control surfaces are nearly saturated in this flight condition P 

**??’ th . e vehic Ie was configured as described in this report with autospeed 
engaged (except for the speedbrake pulses), with the manual flight control mode (stability 
augmented system, or SAS) engaged and landing gear retracted. y 


Mag. 

Sense 

Duration 

seconds 

Run Length 
seconds 

1.0 

AFTt 

1 

10 

20.0 

RIGHT 

1 

10 

0.2 

RIGHT 

1 

10 

100% 

EXTEND 

3 

20 


Remarks about implementation 


Dat Jco^'ra?^^ CYBERMndir^ is P resentI y implemented on a Control 

mo^el is SnTn FORTRAN^ 6 5 “ “ maj0r fcw * S1ZC ° f 32 miUiseconds - The 

imaee\cGl7trfhrl Utherkind K CT ' 6 P , r ° VideS an out - the ' w indow computer generated 
ge (CGI) to three mirror- beam-splitter XKD monitors at an update rate of 50 Hz 

& a „ C , ed) h " h T me ra,e °” 7I J These "»"*<« Provide iwo foS ouwhe widow 
displays and a left- or right-side out-the-window display. The forward scene is 

(EonTaT) 1 y (VertiCa ° by 40 5 ° (horizonta1 )' The ^is 48.5° (vertical) by 35.5° 

itc « A J e , rabit Fag J e !^0 -symbology generator is used to provide cockpit graphics and 
its output is mixed with the forward CGI visual scene through a Terabit R-mix unit ’ The 
cockpit heads down displays are XYtron calligraphic color monitors. 

T h , e . me asured average visual scene latency (from a stick pulse) is 170 ± 35 ms 
dynamics) fU VehlC 6 model com P u tational load, but not including modeled aircraft 

The motion platform is a synergistic six degree of freedom Singer-Link motion 

rfromTcni? dU ? actuator . s ,n each le 8- The measured average motion response latency 
(from a stick pulse to motion onset is 82 ± 30 ms. The table below gives the dS 
performance of the motion platform- g esign 
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The cockDit is a generic transport-category cockpit with two side-by-side pilot 
stations and 2 itow jump seat. The left seat includes a left hand McFadden side stick 
controller and was used for the majority of work in the HL-20/PLS simulation. Thenght 
seat has a conventional center stick with an F-14 stick gnp controlled by a separate 
McFadden hydraulic control system. Both seats have hydraulic rudder pedals that a e 
interconnected. The left seat pilot uses a speedbrake lever on his right side 
pilot uses a flap lever on his left side to control speedbrakes. The left seat pilot s 
speedbrake lever has a return (to retracted position) spring; the nght seat pilots flap 
handle does not have a return spring. 


Version numbering 

Each subsequent update to the HL-20 simulation model will be identified by a unique 
version number. This initial release outside of Langley is version 2.0. 


Equations of motion 

The equations used in this simulation are six-degree-of-freedom equations of motion 
which describe the accelerations along and about the body system of axes. The equations 
include provisions for the effects of a rotating round Earth (reference 1); however, for the 
range of airspeeds involved in this study, flat, non-rotating earth is assumed. 

Landing gear model 

No landing gear dynamics are provided with this model. The present landing gear 
design is not complete enough to use to predict any landing dynamics. It is 
recommended that each site modify an existing landing gear model from a similar vehicle 
and use that model to support landing rollouts in the interim. Landing gear geometry was 

given in figure 3. 
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Validation method. 


2 . 


providedTn tMs^eport^ using the ** ** VaMdaled 3gainSt data 

S£ f g / es ° f attack and sideslip and control surface deflections 
These plots should be compared to plots of the aerodynamic data 

oft ? liZySc n^Ji ensure n0 CTOrS occumd in ' m P* e men,aiion 

f ^nl Y nH gnt n T P m ^ ' The static check cases provided in 

Appendix D list trimmed airspeed, altitude, glide angle vehicle attitudes 

to these va Reflections. The HL-20 simulation,’ when initialized 

r a,UeS ’ s L hould resuIt in accelerations (UDOT, VDOT, WDOT and 
QDOT) close to those listed in Appendix D. 

D ynamic check cases . - Following successful equivalent trim validation 
the simulation should be tested to see if dynamic responses match the ’ 
dynamic check cases included in Appendix F. These maneuvers consist 
o_ step inputs of specified amplitude and duration applied to a single 
pilot control, with the vehicle initially in an trimmed condition g 

Q ualitative evaluation . The real-time simulation of the HL-20 should be 
subjected to a short qualitative evaluation program by the Langlev 

project pilot. The purpose of this evaluation would be to detect obvious 
modeling or implementation errors U!> 


3. 


4. 


Electronic distribution of portions of this model 




(a) README . TXT 

(b) doc.wrd4.hqx 

(c) plsdict.txt 

(d) plsgnc.txt 

(e) pls_aerov2.txt 

(f) aero_v2 0_pt s . ftp 

(g) getData.txt 

(h) ccXXXN . asc2 


read for the latest information concerning the 
model. 


Stuffed, BinHexed (for Macintosh) version of this 
document (in Microsoft Word 4 format) 


below)*' ta ^* e diCti ° nary ^ du P^ cated i n appendix A 

Guidance and control system FORTRAN model 
(written in CYBER FORTRAN- V) 


Aero tables for version 2.0 in original text table 
format 


Aero data in NASA-Ames Function Table 
Processor format for version 2.0 

getData format description 

Dynamic checkcase data in getData asc2 format, 
where XXX is pit, rol, yaw, spd to indicate ' 


- 20 - 


(i) cctrimN.txt 

(j) cctraj4.asc2 


control being pulsed, and N is 0, 2, or 4 to indicate 
subsonic, Mach 2, and Mach 4 initial conditions, 
respectively (total of 12 files). 

Check case trim "shots" for subsonic Mach 2 and 
Mach 4 initial conditions, respectively (total ot 3 
files) 

Autoland approach time history in getData asc2 
format, commencing at Mach 4 


La^ey.^ 

SMTP mail systems. 

Concluding Remarks 

This report documents the present aerodynamics, inertia, 
t^rTc^o Syje d^naffl 

SS.iS i^u,L or these ntodds a, 

other simulation facilities. 

Details on electronic distribution of these data, via the Internet, are included, 
information about the HL-20 configuration is obtained. 
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Appendix A 

Guidance and Control Law glossary 



Appendix A: Guidance and Control Law Glossary 


page 1 


NOTES 


nneTTTrM] VFTOCITY AND ATTITUDE (EULER ANGLES) ARE BASED ON 

S S K£S« frame, obigih at the hhhhat threshold 
X-TRUE north, y-true east, z-down 

THE BODY REFERENCE FRAME ORIGIN IS AT THE CENTER OF MASS, 
X-FORWARD , Y -RIGHT, Z -FLOOR OF AIRCRAFT (DOWN) 

THE RUNWAY HEADING IS TRUE NORTH, SO THE RON™* IS THE 

sSe M THE EARTH REFERENCE FRAME IN THIS SIMULATION 

abbreviations 

aka - ALSO KNOWN AS 
DEG - DEGREES 
DPS - DEGREES PER SECOND 
FPS - FEET PER SECOND 
FT - FEET 

HAC - HEADING ALIGNMENT CIRCLE 

IN - INCHES 

LB - POUNDS 

max - MAXIMUM 

MIN “ MINIMUM 

NEG - NEGATIVE 

NMI - NAUTICAL MILES 

NOM - NOMINAL (USUAL OR EXPECTED VALUE) 

POS - POSITIVE 

PSF - POUNDS PER SQUARE FOOT 
RAD - RADIANS 
RPS - RADIANS PER SECOND 
TED - TRAILING EDGE DOWN 
TEL ” TRAILING EDGE LEFT 
TER - TRAILING EDGE RIGHT 
TEU - TRAILING EDGE UP 

(T/F) MEANS THE VARIABLE IS LOGICAL < TR ^ FI* Y 
(X. .Y) MEANS THE VARIABLE IS LIMITED BETWEEN X AND Y 


ALPDEG 

ALPHA 

ALT 

ALTREF 

ANX 

ANY 

ANZ 

> AOACMD 
- AOAMLD 
r AOANOM 

r autosb 


angle of attack, deg 

angle of attack, rad 

altitude above runway, ft 

reference altitude on desired path, ft 

body frame acceleration forward, g s 

body frame acceleration to right, g S _ yt e i \ 

BODY FRAME ACCELERATION UPWARD, G'S (NOT BODY Z AXI . ) 
rfiMMANDED ANGLE OF ATTACK, DEG __ _ 

ANGIE OF ATTACK FOR MAXIMUM LIFT/DRAG RATIO, DEG 
NOMINAL ANGLE OF ATTACK VERSOS MACH NUMBER, DEG 
AUTO SPEEDBRAKE MODE SELECTED (T/F) f 


: ISU SSSS S: » ^IVB HIHO PHOM BIGHT 


* CDTOT 

* CLTOT 

* CLLTOT 

* CLNTOT 

* COLMAX 

* COLSHC 

* COORDNZ 

* COSALP 

* COSPHI 


TOTAL DRAG COEFFICIENT 
TOTAL LIFT COEFFICIENT 
TOTAL ROLL (LITTLE L) COEFFICIENT 
TOTAL YAW (LITTLE N) COEFFICIENT 

MAXIMUM ABSOLUTE PITCH STICK J ITCH UP 

rrntlMN PITCH COMMAND AFTER SHAPING, + AFT OR Fiion 
NORMAL ACCELERATION IN COORDINATED TURN, G'S 
COSINE OF ANGLE OF ATTACK (ALPHA) 

COSINE OF BANK ANGLE 
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* COSTHE 

* CYTOT 


COSINE OF PITCH ANGLE 
TOTAL SIDE FORCE COEFFICIENT 


DACL 
DACMD 
DACMDL 
DACU 
DADIR 
DAGC 
DAP 

DATRIM 
DBF MAX 
DBFSBLC 
DBFSBUC 
DCPILOT 
DECL 
DECMD 
DECMDL 
DECU 
DEDSB 
DEGC 
DEQ 

DETRIM 
DETRIMO 
DLE 
DLEC 
DLEDEG 
DLEDEGF 
DLEDEGP 
DLEL 
DLEP 
DLEPP 
DLERL 
DLETAU 
DLEU 
DLEZ1 
DLEZ2 
DLEZ3 
DLFDA 
DLFDE 
DLGPCT 
DLL 
DLLC 
DLLCL 
DLLCMD 
DLLCMDL 
DLLCU 
DLLL 
DLLP 
DLLPP 
DLLRL 
DLLTAD 
DLLU 
DLLZ1 
DLLZ2 
DLLZ3 
DLR 
DLRC 
DLRCL 
DLRCMD 
DLRCMDL 
DLRCU 
DLRDEG 
DLRL 
DLRP 
DLRPP 


* 

a 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

★ 

* 

* 

* 

* 

* 

★ 

* 

it 

* 

it 

* 

* 

* 

* 

* 

it 

* 

it 

* 

* 

* 

★ 

* 

* 

* 

* 

* 

* 
it 
it 
* 

* 

★ 

* 

* 

★ 

* 

★ 

* 

★ 

* 

* 

* 


.30) 


AILERON COMMAND LOWER LIMIT, DEG 
AILERON COMMAND TO CONTROL MIXER, DEG (-30 
LIMITED AILERON MIXER COMMAND, DEG 
AILERON COMMAND UPPER LIMIT, DEG 
AILERON RESPONSE TO WHEEL INPUT, DEG +RIGHT TEU 
AILERON RESPONSE TO GUIDANCE COMMAND, DEG 
* 1 ™*™ RESPONSE TO ROLL RATE, DEG + RIGHT TEU 
AILERON TRIM DEFLECTION, DEG +RIGHT TEU 
MAXIMUM ABSOLUTE VALUE OF SPEEDBRAKE DEFLECTION DEC 
oAnv FLA? DUE T ° SPEEDBr AKE COMMAND, DEG +TED 

PITCH STICK ^COT timn* ^ SPEEDBRAKE COMMAND, DEG +TED 
FITCH STICK (COLUMN) DEFLECTION, IN +AFT f-5 o\ 

ELEVATOR COMMAND LOWER LIMIT, DEG + TED 
ELEVATOR COMMAND TO ACTUATORS, DEG + TED 
LIMITED ELEVATOR ACTUATOR COMMAND, DEG +TED 
ELEVATOR COMMAND UPPER LIMIT, DEG +TED 
ELEVATOR COMMAND TO TRIM SPEEDBRAKE PITCH MOMENT nrr 
ELEVATOR RESPONSE TO GAMMA COMMAND, DEG + TeT 
ELEVATOR RESPONSE TO PITCH RATE, DEG Trao 
ELEVATOR TRIM ANGLE, DEG +TED 

™ ? R TRIM ANGLE AT INITIAL CONDITION, DEG +TED 
LEFT ELEVON DEFLECTION, DEG +TED 
LEFT ELEVON ACTUATOR COMMAND, DEG 
ELEVATOR DEFLECTION, DEG +TED 

ELEVAT0R DEFLECTION, DEG +TED (NOT USED) 

PAST ELEVATOR DEFLECTION, DEG +TED 

™ ELEV0N DEFEE CTION LOWER LIMIT, DEG +TED 
LEFT ELEVON PAST DEFLECTION, DEG +TED 
LEFT ELEVON PAST PAST DEFLECTION, DEG +TED 
LEFT ELEVON DEFLECTION RATE LIMIT, DPS +TED 
LEFT ELEVON ACTUATOR TIME CONSTANT SEC 
LEFT ELEVON DEFLECTION UPPER LIMIT,' DEG +TED 
LEFT ELEVON Z TRANSFORM PAST OUTPUT COEFFICIENT 
LEFT ELEVON Z TRANSFORM PRESENT INPUT COEFFICIENT 
tfluri> E n! V0N 2 TRANS FORM PAST INPUT COEFFICIENT 
2 n«n Y FLAP AS AILER0N COMMAND, DEG +LEFT TED 
LOWER BODY FLAP COMMAND TO ASSIST ELEVATOR DEG +TED 
LANDING GEAR DEFLECTION, PERCENT ' TE ° 

LOWER LEFT BODY FLAP COMMAND, DEG +TED 

LOWER LEFT BODY FLAP COMMAND, DEG +TED 

LOWER LEFT BODY FLAP COMMAND LOWER LIMIT DEG +TPn 

tOWER LEFT BODY M COMMAND AS AILERON^" DEG^ +TED^ 

LEET B ° Dr FUP COMMAND LIMITED. DK l Iffi 
LOWER LEFT BODY FLAP COMMAND UPPER LIMIT DEG +TED 
LWER LEFT BODY FLAP DEFLECTION LOWER LIMIT^DEG^+TED 
LEFT B °DY FLAP PAST DEFLECTION, DEG +TED 
LOWER LEFT BODY FLAP PAST PAST DEFLECTION DEG +TED 

LEFT B0DY FLAP DEFLECTION RATE LIMIT, DPS +TED 
LOWER LEFT BODY FLAP ACTUATOR TIl>ffi CONSTANT SEC 

EEET B0 DY FLAP DEFLECTION UPPER LIMIT,' DEG +TED 
LEFT B0DY FLAP 2 trans FORM PAST OUTPUT COEFFICIENT 

*22 T L f T body elae 2 transform present inpu^ coeffJSent 

LOWER LEFT BODY FLAP Z TRANSFORM PAST INPUT COEFFICIENT 
LOWER RIGHT BODY FLAP DEFLECTION, DEG +TED C ° EFFICIENT 
LOWER RIGHT BODY FLAP COMMAND, DEG +TED 
LOWER RIGHT BODY FLAP COMMAND LOWER LIMIT DEG +TED 
n» COMMAND AS AIlKSTdS 
??” E R RIGHT BODY FLAP COMMAND LIMITED, DEG +TED 

LOWER RIGHT BODY FLAP COMMAND UPPER LIMIT DEG +TED 

RUDDER DEFLECTION TO AERO, DEG +TEL 

LOWER RIGHT BODY FLAP DEFLECTION LOWER LIMIT DEC +TEn 
TrtUM BIGHT B0DY FLAP PAST DEFLECTION, DEG +TED 

LOWER RIGHT BODY FLAP PAST PAST DEFLECTION, DEG +TED 
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Tnmro nTCHT BODY FLAP DEFLECTION RATE LIMIT, DPS +TED 

£S SS 25 »» ‘SsririE 
S E 5 S : SB STW5S5SS- 

SPEEDBRAKE HANDLE DEFLECTION (0...40) 

SPEEDBRAKE DEFLECTION TO AERO, DEG 

RUDDER PEDAL DEFLECTION, +RIGH 

RUDDER DEFLECTION, DEG +TEL 

RUDDER COMMAND, DEG +TEL 

COMMANDED RUDDER GAIN 

RUDDER COMMAND LOWER LIMIT, deg+tel 

RUDDER COMMAND TO ACTUATORS, DEG +TEL 

LIMITED RUDDER COMMAND, DEG +TEL 

RUDDER COMMAND UPPER LIMIT, DEG+TEL 

RUDDER RESPONSE TO PEDAL DEFLECTION, D 

RIGHT ELEVON DEFLECTION, DEG +TED 

RTGHT ELEVON ACTUATOR COMMAND, DEG +TED 

RIGHT ELEVON DEFLECTION LOWER LIMIT, DEG +TED 

OTTHT ELEVON PAST DEFLECTION, DEG +TED 

H2E tSvOH PAST PAST DEFLECTION, DEG +TED 

SS eSvON DEFLECTION RATE LIMIT, DPS + TED 

pirHT ELEVON ACTUATOR TIME CONSTANT, SEC 

Is-ssTSSir-. 

SS 5S5 l TRANSFORM PAST INPDT COEFFICIENT 
RUDDER deflection lower limit, DEG +TE 
RUDDER PAST DEFLECTION, DEG +TEL 
RUDDER PAST PAST DEFLECTION, DEG+TEL 
RUDDER DEFLECTION RATE LIMIT, DPS +TEL 
RUDDER RESPONSE TO YAW DAMPER, DEG 
RUDDER ACTUATOR TIME CONSTANT, 
mmnirn DEFLECTION UPPER LIMIT, DEG +TE 
RUDDER Z TRANSFORM PAST OUTPUT COEFFICIENT 

z TRANSFORM PRESENT INPUT COEFFICIENT 
l TRANSFORM past input coefficient 
SSSeLd SPEEDBRAKE SPEED «OLD COMMAND, DEG 

LIMITOD^PEEDBRAKE S«SSS£^ . 

■ as ysaafssssrs' 

f“?eSd SpSdIpAKN RESPONSE TO SPEED 

SSSSS SSS SSS OMN PER HAND^ SONARED 

Hill LEFT BODY FLAP DEFLECTION, DEG +TED 
TIPPER LEFT BODY FLAP COMMAND, DEG +TED 

ii E b ss sas 

- il E b ss ass ^-ii-b^Eo 

ss E E as ss ,teo 

as s E E bsr T irco^, D Sc tTED 

’ SS S? 55 55 Sgg- -- “Si COEFFICIENT 

UPPER LEFT BODY FLAP Z TRANSFORM PAST INPUT COEFFICIENT 
5S Si B°o£ fSp z SsFORM PAST INPUT COEFFICIENT 
UPPER RIGHT BODY FLAP DEFLECTION, DEG +TED 
UPPER RIGHT BODY FLAP COMMAND, DEG +TE 
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DURCL 

DURCMD 

DURCMDL 

DURCU 

DURL 

DORP 

DURPP 

DORRL 

DURTAU 

DCJRU 

DDRZ1 

DURZ2 

DURZ3 

dwpilot 

ELOC 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


FAT1 

FAT 2 

FAT 3 

FATA 

FATB 

FATT 

FATTA 

FATTM 

FNZ1 

FNZ2 

FNZ3 

FNZA 

FNZB 

FNZT 

F0B1 

FQB2 

FQB3 

fqba 

fqbb 

FQBT 


* 

* 

* 

* 

* 

* 

* 

* 

★ 

* 

* 

* 

★ 

it 

it 

* 

it 

it 

it 

it 

it 

* 

* 


GAMCMD 
GAMCLL 
GAMCOR 
GAMCUL 
GAMDOT 
GAMDOTF 
GAMDOTP 
GAMFFL 
GAMFILT 
GAMFLR 
GAMMA 
GAMMA1 
GAMMA2 
GAMMAD 
GAMMAP 
GAMREF 
GBFA 
GBFB 
GBFBD 
GDADWL 
GDADWR 
GDAGC 
GDAKP 
GDAP 
GDAPS 
GDEGCA 
GDEGCM 
GDLDA 


UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
UPPER RIGHT 
ROLL STICK 


BODY FLAP COMMAND LOWER LIMIT DEC +rrn 

body flap command as aileron; 'deg + tcd 

nnnv C0MMAND LIMITED, DEG +TED 

BODY FLAP COMMAND OPPER LIMIT DEG +TFn 

BODY ptjip °f L£CTI0N L0WE * LIMIT, DEG JxED 
n^ ST DEFLEC TION, DEG +TED 
BODY FLAP past PAST DEFLECTION DEC +tph 

nnnv FLAP DEFLEC TION RATE LIMIT, DPS +TED 
BODY FLAP ACTUATOR TIME CONSTANT SEC ^ 

BODY FLAP DEFLECTION UPPER ITmtt ™ 

BODY FLAP Z TRANSFORM PAST OUTPUT COEFFICIENT 

S—krS. 


LOCALIZER ERROR, DEG +RIGHT OF CENTERLINE (-2. 5... 2. 5) 

Z TRANSFORM GAIN ON PAST OUTPUT nr arriv-v 
z TRANSFORM GAIN ON PRESENT “ FILTER 

sbsks 

AUTO TRIM LAG GAIN FILTER) 

AUTO TRIM TIME CONSTANT, SEC 

ahta FF TIME consta NT FOR MANUAL MODES SEC 
AUTO TRIM TIME CONSTANT FOR AUTO MODES SEC^ 

l 3F NSF0RM GAIN 0N PAST OUTPUT OF NZ FILTER 
l IF NSF0RM GAIN 0N PRESENT INPUT TO Z NZ FILTER 

N7 T m^ 0RM GAIN ° N PAST INP0T TO NZ FILTER 
NZ FILTER LEAD GAIN (AS+B / TS+1 FILTER» 

NZ FILTER LAG GAIN FILTER) 

NZ FILTER TIME CONSTANT, SEC 

Z TRANSFORM GAIN ON PAST OUTPUT OF O-nnnv pi-ttoti 

Z TRANSFORM GAIN ON PRESENT INPUT TO Q-BODY ptttco 
Z TRANSFORM GAIN ON PA dr r\ ron-r* ® BODY FILTER 

S3 £3 

PITCH RATE FILTER TIME CONSTANT, SEC 

riMMi T mS! H ANGLE (GAMMA > COMMAND, DEG 
GAMMA COMMAND LOWER LIMIT, DEG 

FLIGHT PATH ANGLE CORRECTION, DEG 
GAMMA COMMAND UPPER LIMIT DEG 

SS SSoJTS.""' DPS (AKA GAMMA D0T) 

PAST VALUE OF GAMMA DOT, DPS 

PATH ANGLE FLOOR VALUE, DEG 

o» TER ° UTPDT ' DEG (NOT USED) 

FLIGHT PATH ANGLE DURING FLARE DEG 
FLIGHT PATH ANGLE, DEG + ClSng 
OUTER GLIDE SLOPE ANGLE, DEG 
INNER GLIDE SLOPE ANGLE, DEG 
FLIGHT PATH ANGLE (GAMMA) , DEG +CLIMBTNC 
PAST VALUE OF GAMMA, DEG (NOT USEm 

angle on the glideslope, deg 

gatn' B0DY flaps as ai LERONS, deg/deg 

CAIN, LOWER BODY FLAPS VERSUS RFTa nuc 

SS- body -laps 3S3 

MIN. aileron per rSt^l^SS”™- "«£« 

“??• BANK ERROR, DEo“S ° 

SJS' ™™ G CR0SSTR ACK ERROR, DEG/FT 
GAIN, AILERON PER ROLL RATE, DEG/DPS 

GAIN, BANK ANGLE PER HEADING ERROR DEG/DFC 
GAIN, ELEVATOR PER GAMMA ERROR DEG/DEG 
GAIN, ELEVATOR PER GAMMA DOT? DEG/DPS 

GAIN, LOWER BODY FLAP AILERON ' REVERSAL ' FUNCTION OF MACH 
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* GDQDC 

* GDRDA 

* GDRDAX 

* GDRDP 

* GDUDA 

* GDUDE 

* GGFFL 

* GGFLR 

* GGHER 

* GGLL 

* GGUL 

* GMACH 

* GQBAR 

* GQBAR 1 

* GRND 

* GRRLIM 

* GRSAS 

* GSLAP 

* H 

* HACCX 

* HACCY 

* HACDC 

* HACDT 

* HACDT 2 

* HACGAM 

* HACRAD 

* HACXTK 

* HDOT 

* HER 

* HFPCAPT 

* HGS 

* HP LOCO 

* HPSIHTC 

* HSTEP 

* I 

* IAS 


* L 

* LFCS 


* M 

* MACH 

* MCONFIG 

* MFCS 


* MGUID 

* 

* MODE 

* MPAUTO 

* N 

* NZ 

* P 

* PCURVC 

* PDEG 

* PDOT 

* PHI 

* PHICLHI 

* PHICLLO 


GAIN, PITCH RATE COMMAND PER COLUMN DEFLECTION, DPS/IN 

GAIN, AILERON TO RUDDER CROSSFEED NOMINAL, DEG/DEG 

GAIN, AILERON TO RUDDER CROSSFEED, DEG/DEG 

GAIN, RUDDER PER PEDAL DEFLECTION, DEG/IN 

GAIN, UPPER BODY FLAPS AS AILERONS VERSUS MACH 

GAIN. UPPER BODY FLAPS AS ELEVATORS VERSUS MACH 

FINAL FLARE GAMMA, DEG 

GAIN, FLOOR GAMMA PER FT, DEG/FT 

GAIN, GAMMA PER ALTITUDE ERROR, DEG/FT 

GAMMA COMMAND LOWER LIMIT, DEG 

GAMMA COMMAND UPPER LIMIT, DEG 

ELEVATOR GAIN AS FUNCTION OF MACH NUMBER 

ELEVATOR GAIN AS FUNCTION OF DYNAMIC PRESSURE 

GAIN, ELEVATOR OVER DYNAMIC PRESSURE, 1/PSF 

1 - WHEELS ON THE GROUND (0 OR 1) 

GAIN TO REDUCE ROLL RATE LIMIT AT HIGH MACH 

GAIN, YAW DAMPER DEG/DPS 

SLAPDOWN (DEROTATION) PITCH RATE GAIN 

INTEGRATION TIME STEP, SEC 

DOWNRANGE LOCATION OF HAC CENTER, FT (USUALLY NEG) 

CROSSRANGE LOCATION OF HAC CENTER, FT 
DISTANCE TO CENTER OF HAC, FT 
DISTANCE TO TANGENT POINT ON HAC, FT 
SQUARE OF HACDT 

FLIGHT PATH ANGLE ON HAC, DEG +CLIMBING 
HEADING ALIGNMENT CIRCLE RADIUS, FT 
DISTANCE TO EDGE OF HAC, FT 
ALTITUDE RATE, FPS 

ALTITUDE ERROR, FT, + BELOW GLIDESLOPE 
NOMINAL ALTITUDE AT FINAL GLIDESLOPE CAPTURE, FT 
ALTITUDE OF THE GLIDESLOPE, FT 
ALTITUDE AT PARABOLIC FLARE ZERO SLOPE, FT 
ALTITUDE AT PREFLARE INTERCEPT, FT 
INTEGRATION TIME STEP FOR ACTUATORS, SEC 

DUMMY INDEX 

INDICATED AIRSPEED, KNOTS 

- EQUIVALENT AIRSPEED IN THIS SIMULATION 

TOTAL ROLLING MOMENT, FT-LB RIGHT WING DOWN 

FLIGHT CONTROL LAW O-BASELINE 1 -GAMMA HOLD 2-NZ+Q 3-RCAH 

4- STATE 

TOTAL PITCHING MOMENT, FT-LB NOSE UP 
MACH NUMBER 

MASS CONFIGURATION O-ENTRY/LANDING 1-BOOSTER ATTACHED 

2 - ADAPTER ATTACHED 3 -ADAPTER SEPARATED 

FLIGHT CONTROL MODE 0-DIRECT 1-PITCH RATE CMD 2-ROLL RATE CMD 

3- PITCH & ROLL RATE CMD 4 -PITCH AUTO & ROLL RATE 

5- PITCH RATE 4 ROLL AUTO 6-PITCH 4 ROLL AUTO 
GUIDANCE MODE 1-FINAL 2-TURN TO FINAL 3-DOWNWIND 

4- TACAN HOMING 5-ON HAC 6-TO HAC 7-MINIMUM ENERGY 
SIMULATOR MODE 1-RESET 2 -HOLD 3 -OPERATE 

PITCH CONTROL AUTOMATIC MODE 

TOTAL YAWING MOMENT, FT-LB NOSE RIGHT 
VERTICAL BODY AXIS ACCELERATION, G, POSITIVE UP 

BODY ROLL RATE, RPS 

PARABOLIC FLARE SHAPING PARAMETER 

BODY ROLL RATE, DPS 

BODY ROLL ACCELERATION, RAD/SEC/SEC 
EULER ROLL ANGLE (BANK) , RAD 
BANK COMMAND LIMIT AT HIGH ALTITUDE, DEG 
BANK COMMAND LIMIT AT LOW ALTITUDE, DEG 
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* PHID 

* PHICMD 

* PHIHAC 

* PSI 

* PSICMD 

* PSICOR 

* PSID 

* PSIERR 

* PSIHACC 

* PSIREF 

* Q 

* QBAR 

* QCOORD 

* QDEG 

* QDEGF 

* QDEGP 

* QDOT 

* R 

* RBWASH 

* RBWOZ1 

* RDEG 

* RDEGP 

* ROOT 

* RSQLAW 

* SBAUTH 

* SINALP 

* SINPHI 

* SLAPRT 

* SX 

* SXDOT 

* SY 

* SYDOT 

* TACBRG 

* TACDAZ 

* TACDME 

* TACE 

* TACN 

* TANPHIL 

* THETA 

* THETAD 

* TKANG 

* 0 

* UDOT 

* V 

* VDOT 

* VTOTAL 

* VTOTAL I 

* W 

* WDOT 

* WONG 

* WOW 

* X 

* X 

* XAPCAPT 

* XPLOCO 

* XPSINTC 

* XTCHDN 

* XTK 
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EULER ROLL ANGLE (BANK) , DEG 
BANK ANGLE COMMAND, DEG 

NOMINAL BANK ANGLE ON HAC, DEG +RIGHT WING DOWN 
EULER YAW ANGLE (HEADING) , RAD 
HEADING COMMAND, DEG 
HEADING CORRECTION, DEG 


EULER YAW ANGLE (HEADING) , DEG 

HEADING ERROR, DEG, POSITIVE FOR RIGHT TURN NEEDED 
HEADING TO HAC CENTER, DEG 
RUNWAY HEADING, DEG 


BODY PITCH RATE, RPS 
DYNAMIC PRESSURE, PSF 
COORDINATED TURN BODY PITCH RATE, DPS 
BODY PITCH RATE, DPS (AKA Q-BODY) 

BODY PITCH RATE FILTER OUTPUT, DPS 
PAST VALUE OF PITCH RATE FILTER, DPS 
BODY PITCH ACCELERATION, RAD/SEC/SEC 


BODY YAW RATE, RPS 

YAW RATE WASHOUT FILTER, RPS 

YAW RATE WASHOUT Z TRANSFORM COEFFICIENT 

BODY YAW RATE, DPS 

PAST BODY YAW RATE, DPS 

BODY YAW ACCELERATION, RAD/SEC/SEC 

QUADRATIC STICK SHAPING RATIO 0 -LINEAR 1-SQUARE 


MAXIMUM ALLOWABLE SPEEDBRAKE DEFLECTION DEG 
SINE OF ANGLE OF ATTACK 
SINE OF BANK ANGLE 


COMMANDED SLAPDOWN (DEROTATION) PITCH RATE, 
AIRCRAFT LOCATION NORTH OF RUNWAY THRESHOLD 
AIRCRAFT NORTHWARD VELOCITY, FPS 
AIRCRAFT LOCATION EAST OF RUNWAY THRESHOLD, 
AIRCRAFT EASTWARD VELOCITY, FPS 


DPS 

FT 

FT 


BEARING TO RUNWAY THRESHOLD (OR TACAN) , DEG 
RELATIVE BEARING TO RUNWAY THRESHOLD (OR TACAN) , DEG 
LINE OF SIGHT RANGE TO RUNWAY THRESHOLD (OR TACAN) NMI 
AIRCRAFT LOCATION EAST OF TACAN, FT 
AIRCRAFT LOCATION NORTH OF TACAN, FT 
TANGENT OF BANK ANGLE, (-1...1) 

EULER PITCH ANGLE, RAD 
EULER PITCH ANGLE, DEG 
TRACK ANGLE ACROSS EARTH SURFACE, DEG 


BODY RELATIVE VELOCITY FORWARD, FPS 

BODY RELATIVE ACCELERATION FORWARD, FPS/SEC 

BODY RELATIVE VELOCITY TO RIGHT, FPS 
BODY RELATIVE ACCELERATION TO RIGHT, FPS/SEC 
BODY RELATIVE VELOCITY MAGNITUDE, FPS 
EARTH REFERENCE FRAME VELOCITY MAGNITUDE, FPS 

BODY RELATIVE VELOCITY DOWNWARD, FPS 
BODY RELATIVE ACCELERATION DOWNWARD, FPS 
WEIGHT ON NOSE GEAR (T/F) 

WEIGHT ON WHEELS (T/F) 


SUM OF BODY FRAME FORCES FORWARD, LB 
DUMMY VALUE IN CLAMP LIMIT FUNCTION 

DISTANCE TO THRESHOLD AT INNER GLIDESLOPE INTERCEPT FT 
DISTANCE TO THRESHOLD AT PARABOLIC CURVE ZERO SLOPE ' FT 
DISTANCE TO THRESHOLD AT PREFLARE INTERCEPT, FT 
DISTANCE FROM THRESHOLD TO TOUCHDOWN AIM POINT FT 
DISTANCE TO THE EDGE OF THE HEADING ALIGNMENT CIRCLE, FT 
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* Y 

* Y 

* Z 

* Z 


SOM OF BODY FRAME FORCES TO RIGHT, LB 
nnuuv^VlLDE IN CLAMP LIMIT FUNCTION 


SUM OF 
DUMMY 


BODY FRAME FORCES DOWNWARD, LB 
VALUE IN CLAMP LIMIT FUNCTION 
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Final approach path trajectory guidance 

provide approach path guidance for manual operation. 

to the touchdown point of the runway, as shown in figure B-l. 

Since this trajectory is caDabilT^to l mS?^^^ a a l pproach parameters 

and lift-to-drag rattp tt ts tmpomn. h* ^^’S'^ttLediatt equations (given 

at run time he Piovt . following pages) be provided in some initialization 

as equations (4) through <15 ^ Mtefollowng pug ^ ■.) P themselves (equations (1) 

JESS.' of the softwaro to prov.de 

The independent parameters which *fine “vjfiS 

&S < a' ). altitude of inner glides.ope cap.ute, (% ), 
and inner glideslope runway intercept point, ( *3 )* 

The run-time equations are used to calculate ^“ man ^ e “'ttoiS whim the^S. is 
distance downrange from the runway threshold, x cg , depending on 

located in approach path, as follows: 


during the initial approach ( x C g )• 

h c = h] + (x c g-x i )tan)t 
during the parabolic flare maneuver ( x x £ x cg >x 2 ): 

h c = hp + a{ x C g — Xp)^ 

during the final approach to touchdown ( x cg >x 2 )■ 

H C = maxj^-V^ 


( 1 ) 


( 2 ) 


(3) 


„ v, n fa and X 3 ) to the parameters ( a, «i, h„,x\, *2. ana x p ) rounu 

Sie gddknJe Rations (1) through (3) above. In edition, the atmpotn. local, on x v ts 

determined. 


Outer Glideslope 
constant EAS, 
flight path angle 



Figure B-l. Final approach path trajectory and nomenclature 
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The downrange location at which the inner glideslope intercepts the parabolic preflare, «, 
is calculated from basic geometry in equation (4): 


X2 = — ^ — + *3 
tan yi 


(4) 


at " int 1 


y,=^L 
1 V! 


(5) 


A parabolic preflare maneuver was chosen 

C “£ "%^»U.^a.ure must yield the same flight path angular rate 
required by equation (5): 


y = ^Z = ^Zdf 




Since, for a parabola with the vertex at x - x p and h h p . 

h = h p +a(x- x p ) 2 

tan y= ^ = 2a (x - x p ) 

y = arc tan [2a (x - x p )] 

— = -d- (arc tan [2 a(x-x p )\) 
dx dx 

m la 

1 +[2 a(x-x p )] 2 

^Z = 2 & 

dx i + tan 2 y 


(7) 

( 8 ) 


(9) 


by substitution of equation (8). 

Substituting equation (9) and the relationship 


d&- = V cos y 

dt 


into equation (6) and rearranging the result yields an expression for the parabolic curvature 
constant, a, at point 1 : 


( 1 + tafl2 ft) (10) 

2 V\ cos yi 
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Equation (8) can be rearranged and aDDlied at noint ? m „„ 

parabolic vertex downrange (WwSeX ^ 2 '° y,eId an ”P re «ion for the 


Xp-X 2- 


tan yi 


2 a (ID 

te^na4 8 ™ne!fve"r '° P ° im 1 '° determi " e *» location a, which 


+ “JL 

1 p 2 a 


( 12 ) 


h p, can be deteimined bylsfngequ^ ° f the Vertex of the parabola > 

h p = h 2 -a(x 2 -x p ) 2 (13 ) 

Iquation m C7): *** Parab ° Hc interCept altitude *1 ca " he calculated using 

h\ - h p + a (x\ — Xp ) 2 

extended runway centerIine?<X by ^S e ^; OUterghdeslope intersects the 

Ju 


Xgp — X\ - 


tan y 


(15) 


Nominal trajectory parameters 


For this study, the nominal values to be used 
lows: 

in the trajectory profile model are as fol- 

Initial flare velocity 

v i = 

502.3 

ft/sec 

Initial normal accel. limit 

®n x = 

0.25 

g 


= 

8.05 

ft/sec 2 

Initial flight path angle 

n = 

-17 

degrees 

Final flight path angle 

r 2 = 

-1 

degrees 

Final flight path capture height 

h 2 = 

75 

ft 

Target touchdown point 

*3 = 

2200 

ft 
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using these constants in the equations (4) through (15) yield the foiiowing parameter 
values: 

, „ r, = -2,096 ft 

Final approach capture location 2 


Initial preflare rate 
Parabolic curvature constant 
Parabolic zero-slope x location 
Parabolic slope intercept range 
Parabolic zero-slope h location 
Parabolic slope intercept alt. 
Outer glideslope aimpoint 


J\ = 
a = 
x p = 
*1 = 

h p = 
*1 = 


Xap 


0.016 rps 
1.823 x 10' 5 rad/ft 
- 1617.2 ft 
- 10,004 ft 
70.8 ft 
1,352.7 ft 
-5,580 ft 
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Control law diagrams (pages B-7 through B-13) 

guidance todu^^ <“««■«! form. Inputs ,o pitch 

described previously in this “ppeS Zd JhnZZ „ Va ' U ° bla,ned >>? equations 

GAMREF, respectively “S J ".l.*" 0 " W B ;7 “ variables ALTREF and 

degrees (GAMMAD), angle of attack in degrees (alp deg i" , nil' M de fALT J' fIl 8 t, t path in 
used to provide flight path steerine (c amSSS SkS.* d ^ ach number (MACH), are 

?yn.bolo p gy on Ute KSJ 1 aXld dS * JV? director 

is performed separately. P y ce mode selection (MGUID) 

Page B-8 describes the baseline roll guidance and flight mnfmi TT • 
information from a number of sources a m mn Z ldi, C T 0 ' Using navigation 
(PSICMD) in the guidance portion of this’eomhi^ed hea i ng angle is generated 

angle is compared to actual track anele rnraMPN t da 8 ram * The commanded heading 

which is the? 

bank angle is compared to actual bank an Pie ^phtm ?" ge ' PHIC 5®); The commanded 
that drives die fligitt director ^^^hutopflot^s^lKtSf^idtetonwnimand^AC^^f 1 

Sio B „ 9 (D d c p pVLOT) N iSdtl c r e nii„:, ?• p ™^ v nput «* *» I** piioh suck 

(GAMCMD, r- d ac,ua ' fishl P"* angles 

(COSPHI and SINPHI) pitch ariele frnsTHi-f td V , S , made usin g ba °k angle 

scheduled using Mach number, dynamic pressure (obar? and tTi PDEG L Gains are 
Logic selection i« nerfrirmsaH k ; . ut P re5, sure (QBAR), and total airspeed (VTOTALil 

(WONG) and control mode (SAS ot^to)? Th ght ° n n P se gear 

commanded elevator position (DECMD). ^ P ltc ^ con{r ol law is 

damping and roll command"^ s ^‘ em adds 

ctTa„ ( »^ 

speedbrake command (DLSBCOMl with an ff- T‘ rol law combi "« the pilot’s 

indicated airspeed “ as) feedSck t dri^T aut S s k pe f d func,ion - usi "« «» 
(DSBCMD). teed back, to drive the speedbrake actuator command 

directly from the cotmnSe^elevator Stion’ ( decmd) after 1 ” drives the * in 8 flaps 
applied. The aileron command fnACMn) ) c ™ \? EC , MD } a ^ r a PPropnate limits are 

(DSBCMD)i and if C necess^^the^eh^^comma^fDEcmHo!rr ,S * 5e th d ^/ a * ce v Command 
with appropriate position limitinp Th*» r aa v^pMD) todnve the four body flaps, 

command (DRCMD) with appropriate position ti^hf ' S ^ nven dlre ctly from the rudder 
control is obtained using ^he toweHrodv flans '"^^^“"'C.^ch "umbers, roll 
fashion, and yaw stabilit/is enSSg&fi p ™^7 BE '- 

allgnmem ". aviga ‘ ion gcometiy to obtain and intercept the heading 

hewing angled intercept the HAC CS ‘ he eqUati °" S USed “ cak “ ,ate *= command'el 
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L*P2 


*IGS A 

“^ipo'vrfc 
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CX,,Y,') 
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C\/avi^i>le 4cpevidl I w on X^, ^ 
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TO l^TERCETT HAC 

GiYeM a„A (X C) Yc) R 

F\NJP (X, , Y, ) 


A - ^ 


\ 


fu.viA a'/q le. 


(A + 90 ^ - x c - R 

Y = Y_ + R * sm (A+- ^ ~ Y c ^ cos 


x^= X c + coS 


/\ - 


A - aUv\2_ 


Ii ' Y A 
x t - X A 

Y r - Y a jl_g_ c f g ^ 

x c - X A - R ^ * 


* GtWl z M c “ Y A 


— taeqVYv'xa Vo V\i\0 c 


* c - ** 


^ ^ vn 


R 


JOy-x aY+-(y c -y a T 

— -for +u/>a HAC, 

4 . f 0 r- (e-CV -turvl HAC 

\m\-V «juawHW 'w\ Y^ e ^ VveSeS> ^ 0± ^ ,D 


A 

A 


e i/H e f 
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* 

★ 

* 

* 

* 


* 

* 

* 

* 

* 

* 

* 

* 

* 

A 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

★ 

* 

* 

* 

* 

* 

* 


SUBROUTINE PLSGNC 

911118 GUIDANCE NAVIGATION AND CONTROL FUNCTIONS 
LOGICAL MPAUTO 

CLAMP LIMITING FUNCTION L1MIT ? * “J 1 ?? Y AND * 

CLIMIT (X, Y, Z) - AMIN1 (Z, AMAX1 (X, Y) ) 

h hkhhhhwh hhnhhh navigation functions nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

external inputs to navigation functions 


ALT 

sx 

SY 

NOTE 


it 

* 


altitude above ground, ft 

DOWN RANGE DISTANCE FROM RUNWAY THRESHOLD, FT 
CROSSRANGE DISTANCE FROM RUNWAY CENTERLINE, FT 

THE RUNWAY HEADING IS TRUE NORTH IN THIS SIMULATION, 
THUS THE RUNWAY AND EARTH REPRESENT 

EQUATIONS) 

EXTERNAL OUTPUTS OF NAVIGATION FUNCTIONS 

ELOC LOCALIZER ERROR, DEG 

GAMREF FLIGHT PATH ANGLE ON GLIDESLOPE, DEG 

HGS GLIDESLOPE ALTITUDE, FT 

TfcCRRG BEARING TO RUNWAY THRESHOLD, DEG 
TACDAZ RELATIVE BEARING TO RUNWAY THRESHOLD, 

TACDME SLANT RANGE TO RUNWAY THRESHOLD, DEG 


DEG 


TACDME SLANT ranljIl. iu ' 

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 


GLIDESLOPE GEOMETRY DEFINITION CONSTANTS 
DATA GAMMA1 , GAMMA2 ,FLRVEL1 / - 11 - 00 ' 
DATA ACCLIM1 , HFPCAPT , XTCHDN / 8 * 05 ' 


- 1 . 00 , 

75.0, 


502.3 

2200 . 


DATA XPLOCO , HP LOCO / “1618.3, 10 - B2/ 

DATA XPSINTC ,HPSINTC / -9998.6, 1351.9 / 

NOTE THE OUTER GLIDESLOPE AIMPOINT IS 5576.8 FT SOOTH OF THRESHOLD 

FLARE REFERENCE FLIGHT PATH ANGLE GAMMA 
IF (ALT. LT. HFPCAPT) THEN 
GAMFLR - GAMMA 2 
ELSE 

(-2. .FC0FVCS0RT , («.T-BP«X») /*»*«:, , 

ELSE 

GAMFLR - 0. 

ENDIF 
END IF 


** 
** * 
* * 
*** 
it* 


CALCULATE GLIDE SLOPE $RROR IN DEGREES 

GAMREF - REFERENCE FLIGHT PATH ANGLE FOR AUTOLAND 

IF HGS ^ffisS^ftSr^XPSINTC) * TAND (GAMMA1 ) 
GAMREF - GAMMA1 


[DEG] 
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* 

* 


ELSEIF ((SX .GE. XPSINTC) .AND. 

HGS - HP LOCO + PCURVC * (SX - 
GAMREF - 57.2958 * ATAN(2 0 * 

ELSE 

HGS - AMAX1 ( (SX - XTCHDN) * TAND (GAMMA2) 
GAMREF - GAMMA2 
END IF 


(SX .LT. XAPCAPT) ) THEN 
XPLOCO) **2 

PCURVC * (SX - XPLOCO) ) 


0 . 0 ) 


*** CALCULATE LOCALIZER ERROR 
IF (SY .NE. 0) THEN 

EI^C - SIGN (90. , SY) -57. 2958*ATAN ( (10500 . -SX) /SY) 
ELSE 

ELOC - 90. - SIGN(90., (10500. -SX) ) 

ENDIF 


ELOC - CLIMIT (ELOC, -2.5, 2.5) 


*** 

** 


TACAN NAVIGATION DATA 


L0 TACN°- SX R ™ AND EAST 0F TACAN (ASSDMING TACAN AT ORIGIN) 

TACE - SY 

DME (SLANT RANGE TO TACAN IN NAUTICAL MILES) 

TACDME - . 000165*SQRT (TACN**2 + TACE**2 + ALT **?1 

10 I#clN FR0M iIRC “ FT »« «. 

TACBRG - 90. + SIGN ( 90 . , TACN) 

ELSE 

ENDI?^ ‘ 18 °' + SIGN(90 ” TACE> ' 57 . 2958*ATAN (TACN/TACE) 

BEARING (DIRECTION FROM AIRCRAFT NOSE TO TACAN) 

ALSO CALLED 'DELTA AZIMUTH' CAH ' 

TACDAZ - TACBRG - PS ID 

IF (TACDAZ. GT . 180.) TACDAZ - TACDAZ - 360. 

IF (TACDAZ. LT. -180.) TACDAZ - TACDAZ + 360." 


* GGGGGGGGGGGGGGG GGGG GUIDANCE FUNCTIONS GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 

** 

*** PLS GUIDANCE LAWS VERSION 910905 


* EXTERNAL INPUTS TO GUIDANCE LAWS 


* ALP DEG 

* ALT 

* GAMMAD 

* HGS 

* MACH 

* MODE 

* SX 

* SY 

* TACBRG 

* TACDAZ 

* TACDME 

* TKANG 

* VTOTALI 


ANGLE OF ATTACK, DEG 
ALTITUDE ABOVE GROUND, FT 
FLIGHT PATH ANGLE, DEG 

ALTITUDE OF DESIRED PATH (GLIDESLOPE) , FT 
MACH NUMBER ' ' 


SIMULATION MODE 1-RESET 2-HOLD 3 -OPERATE 
DOWNRANGE DISTANCE FROM RUNWAY THRESHOLD 
CROSSRANGE DISTANCE FROM RUNWAY CENTERLI1 
BEARING TO RUNWAY THRESHOLD, DEG 
RELATIVE BEARING TO RUNWAY THRESHOLD, DE( 
SLANT RANGE TO RUNWAY THRESHOLD, DEG 
GROUND TRACK ANGLE, DEG 
MAGNITUDE OF EARTH RELATIVE VELOCITY, FP£ 


FT 
, FT 


* EXTERNAL OUTPUTS FROM GUIDANCE LAWS 

* GAMCMD FLIGHT PATH ANGLE COMMAND, DEG 
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* MGUID GUIDANCE MODE 1-FINAL 2-BASE 3-DOWNWIND 4-HOMING 

* 5-TO HAC 6-ON HAC 

* PHICMD BANK ANGLE COMMAND, DEG 

* 

I************************** guidance MODING ************************* 

* INITIALIZE MGUID WHEN IN RESET (MODE-1) 

* MGUID IS G0 ™*NCE MODE l 3 _ d0 WNWIND TEARDROP 

* 1-FINAL APPROACH S FLARE 2-TURN TO FINAL TQ ^ 

* WDES^CASCADE AUTOMATICALLY WHEN CONDITIONS ARE SATISFIED 

* USUAL SEQUENCE IS EITHER 4, 3, 2,1 OR 6,5,1 

* 

IF (MODE.EQ.l) THEN 

IF UI (ALT.GT.5000.*TACDME .OR. MACH.LT. 1.0) MGUID - 3 
IF (ALT. LT. 32000.) MGUID - 2 

* - CHANGE TO 4 FOR TACAN HOMING 
IF (ALT . GT . 29000 . ) MGUID - € 

* 

GAMCMD - GAMMAD 
END IF 

I ALPHA SCHEDULE VS MACH MATCHES POWELL ABOVE MACH 3 

* MACH 0.0 3-0 4.0 >5.0 

I NOTE^ THAT ' BELOW MACH 1 . 5 ? ALPHA VARIES FOR ENERGY MANAGEMENT 

IF (MACH. LE. 3.0) AOANOM - 6.0 
IF (MACH.GT. 3. 0) AOANOM - ll.*MACH 27. 

IF (AOANOM . GT . 2 8 . ) AOANOM - 28. 

* SoTE ES HER E IS L POSITIVE WHEN A/C IS BELOW THE GLIDESLOPE! ! ! I 

ALTREF - HGS 
HER - ALTREF - ALT 

* 

**** MGUID - 6 HEADING ALIGNMENT CIRCLE STEERING 
DATA HACCX,HACRAD / -36300., 31000. / 

IF (MGUIQ . EQ . 5 .OR . MGUID . EQ. 6) THEN 

* 

* DISTANCE TO CENTER OF HAC 

ScDC I SQR? W ( I (HACCX-SX)**2 + (HACCY-SY) **2) 

* CROSSTRACK DISTANCE FROM EDGE OF HAC 

HACXTK - HACDC - HACRAD 

* 

* HEADING TO CENTER OF HAC _ » 

PSIHACC - 57 . 3*ATAN2 ( (HACCY - SY) , (HACCX SX) ) 

IF (PSIHACC. GT. 360.) PSIHACC - PSIHACC - 360. 

IF (PSIHACC.LT. 0.) PSIHACC - PSIHACC + 36 . 

* 

IF (MGUID. EQ. 6) THEN 

• ALT. LT .20000 . ) MGOID - 5 

★ 

* DISTANCE TO HAC TANGENT 

HACDT2 - HACDC* *2 - HACRAD* *2 
IF (HACDT2.GT.0) HACDT - SQRT (HACDT2) 
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* 

* 


* 

* 


* 

* 


HEADING COMMAND 

PSICMD - PSIHACC + 57 . 3*ASIN (HACRAD/HACDC) 

DISTANCE TO GO TO RUNWAY THRESHOLD 

DTOGO - HACDT + . 01 745* ABS (PSICMD) *HACRAD - HACCX 

REFERENCE ALTITUDE AND ALTITUDE ERROR 
ALTREF - .305 * (DTOGO - 5577 ) 

HER - ALTREF - ALT 

ANGLE OF ATTACK COMMAND 
AOACMD - AOANOM 

BE IF W ^rU T ; 5 i ALPHA T0 C0RRECT ALTITUDE ERROR 

’1*5) AOACMD - CLIMIT (AOANOM+ . 002*HER, 4 .0, 9. 0) 

GAMMA COMMAND FILTER TAU - 6 SEC 

* GAMCMD " • 935*GAMCMD + . 005* (GAMMAD + AOACMD - ALPDEG) 

ELSE 

* 

* FLYING AROUND THE HAC 

* IF (ALT. LT. 1 2°°°. .OR.AIiT.LT. 20000. .AND. ABS (SY) .LT. 1000. ) MGUID-1 

NOMINAL BANK ANGLE AND HEADING COMMAND ON HAC 
PH I HAC - 57 . 3*ATAN (VTOTALI* *2 / (32 2*HAC^ D ) > 

PSICMD - PSIHACC+90 . -,003*HACXTK - PhSSJots 
PSICMD - SIGN (PSICMD, -SY) 

IF (PSICMD. GT. 180. ) PSICMD - PSICMD - 360 

* IF (PSICMD.LT. -180.) PSICMD - PSICMD + 360. 

DI nI^ E T ° °° AR0UND «AC TO RUNWAY THRESHOLD 

* " ■ 01745*ABS (PSICMD) *HACRAD - HACCX 
REFERENCE ALTITUDE AND ALTITUDE ERROR 

ALTREF - .305 * (DTOGO-5577 . ) 

HER - ALTREF - ALT 

* GAMMA COMMAND ON HAC 

* HACGAM - CLIMIT (“17.+.002*HER,-25.,-14.) 

* MINIMUM ENTRY POINT STEERING 

* FI BEroRE THEES " 0U > 

IF u ^ LT - 1300 -* tacdme + 50 -*TACDAZ) then 
HACGAM ■ —12.5 

PSICMD - 57 . 3*ATAN (SY/ (SX+20000 . ) ) 

ENDIF 


* 

* 


it 

* 


GAMMA COMMAND FILTER TAU - 3 SEC 

™? AMCMD " • 990*GAMCMD + . 010* HACGAM 
ENDIF 

END OF HEADING ALIGNMENT CYLINDER GUIDANCE 
ENDIF 


**** MGUID - 4 TACAN HOMING 

* FOLLOWS ALPHA VS MACH SCHEDULE UNTIL MODE 3 


* 


IF (MGUID. EQ. 4) THEN 

IF (TACDME.LT. 15.0 .OR. MACH . LT . 1 0) 
GAMCMD - . 997*GAMCMD + . 003* (GAMMAD + 
PSICMD - TACBRG 
ENDIF 


MGUID - 3 
AOACMD - ALPDEG) 


**** MGUID - 3 DOWNWIND MODE 
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MO. -AND. ALT . LT . 3300 . *TACDME) MGUID 

GAMCMD - 8 995*GAMCMD + .005* (GAMMAD + AOACMD - ALPDEG ) 
PSICMD - PSIREF + SIGN (160., SY) 

ENDIF 

* 

**** MGUID - 2 TURN TO FINAL 

VSSSft ™™00. .OB. ALT.LT. 15000 . > HOOID - 1 

OMCMD I !°S0*GAMCMD + .010* (GAMMAD * AOACMD - ALPDEG ) 
PSICOR - 57.3*ATAN(-.00005*SY) 

PSICMD - PSIREF + PSICOR 
ENDIF 


* 

** ** 


MGUID - 1 FINAL APPROACH AND FLARE 
DATA GGHER, GGFLR» GGFFL / .020 , -.020 , -0.25 / 

DATA GGLL, GGUL, AOAMLD / -22.0 , -12.0 , 12.0 / 

IF (MGUID. EQ.l) THEN 
RAMP GAIN IN .002 AT 10K .020 AT 5K 

GGHER - CLIMIT ( . 038- . 0000036*ALT, .002, .020) 

SES I CLIMIT* (GAMREF 4 GAMCOR , GGLL, 0.0 , 

IF (ALT. GT. 2000.) GAMCMD - CLIMIT ( GAMCMD , GG ^' ^ L/D 
IF FAR BELOW GLI DESLOPE COMMAND ALPHA - AOAMLD - ALPHA F0R ““ L/ 
IF FA ^ f B ^ .0^2000.) GAMCMD - GAMMAD + AOAMLD - ALPDEG 


* 

***** 


FINAL FLARE TO TOUCHDOWN 

^StTlT^PC^.^SmCMD.LT.GAMFFL) GAMCMD - GAMFFL 
IF (MPAUTO .AND. GAMCMD . LT . GAMFFL) GAMCMD - GAMFFL 

S^AL^W°?2o2o.) GDAKP - -.00010 * (3 0-.0002*ALT) 

PSICOR - CLIMIT (57 . 3*ATAN (GDAKP*SY) , -90., 90.) 

PSICMD *• PSIREF + PSICOR 


ENDIF 

*** * COMMAND LIMITERS ALL MODES 

DATA GAMCLL, GAMCUL, GDAPS / -22 . , 0. 0,_ 1° ■ / 

DATA GDAPS, PHICLHI , PHICLLO / 10. , 50., 35. / 

GAMCMD - CLIMIT (GAMCMD, GAMCLL, GAMCUL ) 


* 

* 


GAMCMD SMOOTHING (TAKE OUT BEFORE FLARE!) 

TF f ALT. GT. 2000. ) THEN _ _ 

IF ( GAMCMD - GAMMAD .GT. 0.5) GAMCMD - GAM^D +0.5 

IF (GAMCMD -GAMMAD .LT.-0.5) GAMCMD - GAMMAD - 0.5 

ENDIF 

IF (PSICMD.LT. 0. ) PSICMD - PSICMD + 360. 

IF (PSICMD. GT. 360.) PSICMD - PSICMD - 360. 

PSIERR - PSICMD - TKANG ^ ,, n 

IF (PSIERR. GT. 180.) PSIERR - PSIERR - 360. 

IF (PSIERR.LT. -180.) PSIERR - PSIERR + 360. 

PHIHAC - 57 .3*ATAN(VTOTALI**2 / (32 . 2*HACRAD) ) 
PHICLLO - CLIMIT (PHIHAC+10., -PHICLHI, PHICLHI) 


PHICMD 


CLIMIT ( GDAPS * PSIERR, -PHICLHI, PHICLHI) 
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(MGUID.LE.2) PHICMD - CLIMIT (GDAPS * PSIERR —PH ITT T n dut^tt/w 
ir (MGUID . EQ. 5 J PHICW, . CLIMIT Ups . 


FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF; 


FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF 


PLS FLIGHT CONTROL LAWS 


NZQ ALGORITHM 


* 

★ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

★ 

* 

* 

★ 

★ 

* 

* 

* 

* 

* 

* 

* 

* DACMD 

* DECMD 

* DRCMD 

* DSBCMD 


EXTERNAL INPUTS TO FLIGHT CONTROL LAWS 


AUTOSB 

COSPHI 

COSTHE 

GAMCMD 

GAMMAD 

DCPILOT 

DLEDEG 

DLSBCOM 

DPP I LOT 

DWPILOT 

GRND 

IAS 

MACH 

MFCS 

NZ 

PDEG 

PHICMD 

PHID 

QBAR 

QDEG 

RDEG 

SINPHI 

THETAD 

VTOTALI 

WONG 


AUTO SPEEDBRAKE MODE (T/F) 

COSINE OF ROLL ANGLE 

COSINE OF PITCH ANGLE 

FLIGHT PATH ANGLE COMMAND, DEG 

FLIGHT PATH ANGLE, DEG 

COLUMN (STICK) DEFLECTION, IN +AFT 

ELEVATOR ANGLE FEEDBACK, DEG 

SPEEDBRAKE HANDLE DEGLECTION, DEG 

RUDDER PEDAL DEFLECTION, IN +LEFT 

WHEEL (STICK) DEFLECTION, DEG +RIGHT 

1 - WHEELS ON GROUND 

MACH C NUMBER IRSPEED (ACTUALLY EQUIVALENT AIRSPEED) 

FLIGHT CONTROL MODE 0-DIRECT 1-PITCH RATE 2-ROLL RATE 

4 " PITCH AUT ° 5 - R0LL AUTO 6-AOToLnD 
BODY AXIS VERTICAL ACCELERATION, G'S 
BODY ROLL RATE, DPS 
ROLL ANGLE COMMAND, DEG 
ROLL ANGLE, DEG 
DYNAMIC PRESSURE, PSF 
BODY PITCH RATE, DPS 
BODY YAW RATE, DPS 
SINE OF ROLL ANGLE 
PITCH ANGLE, DEG 

MAGNITUDE OF EARTH RELATIVE VELOCITY FPS 
WEIGHT ON NOSE GEAR (T/F) 


EXTERNAL OUTPUTS FROM FLIGHT CONTROL LAWS 

AILERON COMMAND, DEG +TO ROLL RIGHT 
ELEVATOR COMMAND, DEG +TRAILING EDGE DOWN 
RUDDER COMMAND, DEG + TRAILING EDGE LEFT 
SPEEDBRAKE COMMAND, DEG 


* ********************‘******************* — ***** — *****************, 

* ^-TRANSFORM FORMULA USED IN 1ST ORDER FILTERS 

: sss&sr r -zszszz? ■» 

* INPAST Z i*iN X + Z2 * IN + Z3 * INPAST ' PAST VA LUE OF OUT IMPLIED^ 


* MFCS: JlpiJcH AUTO rot r llTK**™ CM ° 3 " PITCH ^ R OLL RATE CMD 

* 4 PITCH ADT0 R0LL RATE 5-ROLL AUTO PITCH RATE 6-AUTOLAND 

""^m^”**** *********** 

DATA DSBSAS, DEDSB / 20.0 , 0 / 

DATA H, DATRIM / 0.03 , 0.0 / 


^100 MPAUTO - MFCS . EQ . 4 .OR. MFCS.EQ. 6 


***************** 


PITCH CONTROL ******************************** 
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* 

* 


ELEVATOR TRIM AT RESET 

IF (MODE.EQ.l) DETRIM - DETRIMO 


FILTERS 


AS + B / TS + 1 


2.00 / 


FILTER VALUES FOR NZ, QBODY, AND AUTOTRI 

DATA FNZA, FNZB, FNZT / 0.10, }‘®?’®‘?®' 

DATA FQBA, FQBB , FQBT / 1.00, 1.00, 0.50 / 

DATA FATA, FATB, FATTM, FATTA / 0 . , 1.0 , 0.45 

CHANGE TRIM TAU IN AUTOLAND 
FATT - FATTM 
IF (MPAUTO) FATT - FATTA 

INITIAL VALUES FOR FILTERS IN RESET (MODE-1) 

IF (MODE.EQ.l) THEN 
QDEGF - QDEG 
QDEGP - QDEG 
GAMDOTF - 0. 

GAMDOTP - 0.0 
DLEDEGF - DLEDEG 
DLEDEGP - DLEDEG 
GAMFILT - GAMMAD 
DSBP - DLSBDEG 
ENDIF 

Z-TRANSFORM COEFFICIENTS FOR FILTERS 

IF (FNZT.EQ.O) THEN 
FNZ1 - 0.0 
FNZ2 - FNZB 
FNZ3 - 0.0 
ELSE 

FNZl - EXP (-.03/FNZT) 

FNZ3 - -FNZA*FNZ1/FNZT 
FNZ2 - FNZB* (1 . 0-FNZ1) - FNZ3 
ENDIF 

k 

IF (FQBT.EQ.O) THEN 
FQB1 - 0.0 
FQB2 - FQBB 
FQB3 - 0.0 
ELSE 

FQBl - EXP (- . 03/FQBT) 

FQB3 - -FQBA*FQB1 /FQBT 
FQB2 - FQBB* (1.0-FQB1) - FQB3 
ENDIF 

* 

IF (FATT.EQ.O) THEN 
FAT1 - 0.0 
FAT2 - FATB 
FAT 3 - 0.0 
ELSE 

FATl - EXP (-.03 /FATT) 

FAT 3 - -FATA*FAT1 /FATT 
FAT2 - FATB* (1.0-FAT1) - FAT 3 
ENDIF 

I**************** OPERATE LOOP ********************************** 
* 

DEQ - DEGC - 0. 

* QUADRATIC STICK SHAPING 0 -LI NEAR 1 - SQUARE LAW 
DATA RSQLAW, COLMAX / 0.6 , 7.5 / 
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* COLSHC - (1 . 0-RSQLAW) *DCPILOT + RSQLAW*DCPILOT*ABS (DCPILOT) /COLMAX 

* NZQ CONTROL LAW 

* 

* QBAR AND MACH GAIN COMPENSATION 

DATA GQBAR1 / 179. / 

GQBAR - CLIMIT (GQBAR1/ (QBAR+. 1) ,0.2,2.01 
GMACH - CLIMIT (5. 0*MACH-4 . 0, 1 . 0, 6 . 0) 

GQBAR - GQBAR * GMACH 

* 

* PITCH RATE COMMAND, FEEDBACK £ FILTER 

DATA GDQDC, GDEGCM, GDEGCA / 5.0, -3.0, -10.0 / 


TANPHIL - CLIMIT ( SINPHI/COSPHI, -1.0, 1.0 ) 
QCOORD - QDEG - RDEG * TANPHIL 
QDEGF - FQB1*QDEGF + FQB 2 * QCOORD + FQB3*QDEGP 
QDEGP - QCOORD 

A DE Q “ GQBAR * (QDEGF - GDQDC*COLSHC> 

* NZ FEEDBACK used to estimate gamma dot 


* 

* 


* 

* 

* 


* 

* 

★ 


* 

★ 

* 


COORDNZ - CLIMIT (COSTHE/COSPHI, 0.90 , 1.41 i 
GAMDOT - 1843. * (NZ -COORDNZ) / VTOTALI 
IF ( . NOT . MPAUTO) THEN 

GAMDOTF - FNZ 1 * GAMDOTF + FNZ2*GAMDOT + FNZ3 *GAMDOTP 
GAMDOTP - GAMDOT 

DEGC - -GDEGCM * GQBAR * GAMDOTF 
ENDIF 


PITCH AUTOLAND 

DATA GSLAP , SLAPRT / -2.0, -4.0 / 

IF (MPAUTO) THEN 

DEGC - GDEGCA * GQBAR * (GAMCMD-GAMMAD- 
IF (GRND.EQ.l.) DEGC - GSLAP*GQBAR* 
IF (GRND.EQ.l. .AND. THETAD.LT.5 ) 
ENDIF 


922 . * (NZ-1 . ) /VTOTALI) 
(SLAPRT-QDEG) 

DEGC - 0. 


AUTO TRIM — LAGGED ELEVATOR FEEDBACK 
TRIMS ONLY IN OPERATE AND OFF THE GROUND 
IF (MODE.EQ.3 .AND. GRND.EQ.O) THEN 

DETRIM * FAT1* DETRIM + FAT2+DLEDEG + FAT3*DLEDEGP 
DLEDEGP - DLEDEG 
ENDIF 


TOTAL ELEVATOR COMMAND 

DECMD - DEQ + DEGC + DETRIM 


***************** CONTROL 

* 




DATA GDAP, GDAGC / -1.4, 1.4 / 

DATA GDADWL, GDADWR / 0.67, 0.67 / 


200 DADIR - DAP - DA GC - 0. 

* 


* 

* 


* 


★ 


DIRECT AILERON COMMAND 

n™ '®°-° DEG __> " 30 -° DEG left aileron command 

STICK RIGHT +60.0 DEG — > +30.0 DEG RIGHT AILERON COMMAND 
IF (DWPILOT . LT . 0 . ) DADIR - GDADWL * DWPILOT 
IF (DWPILOT. GE. 0. ) DADIR - GDADWR * DWPILOT 


* REDUCE MAX RATE COMMAND AT SUPERSONIC SPEED 
GRRLIM - CLIMIT (1 . 33- . 33+MACH, 0 . 33, 1 . 00) 
DADIR - GRRLIM* DADIR 
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i * 
* 


boll rate damping 

if (MFCS .GE. 2 ) DAP - GDAP * PDEG 

- CLIMIT (GDAGC * (PHICMD-PHID) . - 15 • 0 , 15 . 0 ) 

SS : 30 .. 

CONTROL 

DATA GDRDP, GDRD *' OW 0 Z 1 / 0 1X1 0 0 0^985 11 / 

DATA RBWASH,RDEGP,RBWOZl / 0 . , 


* 

* 

* 

* 

* 

* 

* 


— ■ 

. . . iOP POSITIVE FOR TRAILING EDGE LEFT 
note rudder and pedal ARE POSITIVE. 

DRDIR - DRSAS - 0. 

direct rudder command rodder 

JSK RIGHT -2 70 Z -> -30 DEG RIGHT RODDER 
DRDIR - GDRDP * DPP I LOT 

; -as » - —> 

RDEGP - RDEG 

: disconnect rileron to rodder interconnect belom «»ch 1 

rnRDAX m 0 . 

S lSS:S:2i 9 USf^SoACMD ♦ GRSAS*RBWASH*. 01745 

DRCMD - DRDIR + DRSAS 

******************* SPEED CONTROL ****************************** 

IF (MODE .EQ. 1) DSBSAS - DSBTRIM 

I SSS K“o C Sr-> 60 DEG SPEEDBRAKE 
* / 

■ “SiR S ! 5 DSBSF1-DlSc« t DSBSE2.DLSBCOH.-2 

FILTERED ROTO SPEEDBRAKE COMMAND TAO - 1 SEC 

. DESIGNED TO HOLD 300 REAS MFCS .EQ. 6 -OR. AOTOSB) ) THEN 

IF (. NOT. WONG. AND. (MFCS. by . * 

D SBDI R- °' ttmtt ,20 0 + 2.0* (IAS-300.) , 0. , 60.0) 

I T C T !or”. ^MACH. GT .1.2) DSBAUTO - 0. 

DSBSAS - 97M • DSBSAS * .0296 • DSBAUTO 

ELSE 

DSBSAS - 0. 

ENDIF 


DSBCMD - DSBDIR + DSBSAS 


END 
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* ssssssssssssssssssssssssssssssssssssssssss^ 




SUBROUTINE PLSURF 


* 

* 

** 

* 

** 

*** PLS AERO CONTROL SURFACE ACTUATOR MODEL 

** 

* 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


EXTERNAL INPUTS TO ACTUATOR MODEL 


BETADEG * 
COSALP * 
DACMD 
DECMD 

drcmd 

DSBCMD 
MACH 
PDEG 
RDEG 
S INALP 
WONG 


™™ I L ANGLE ' DEG +RELATIVE WIND FROM RIGHT 
COSINE OF ANGLE OF ATTACK 

AILERON COMMAND, DEG + TO ROLL RIGHT 

ELEVATOR COMMAND, DEG + TRAILING EDGE DOWN 

RUDDER COMMAND, DEG + TRAILING EDGE LEFT 

SPEEDBRAKE COMMAND, DEG 

MACH NUMBER 

BODY ROLL RATE, DPS 

BODY YAW RATE, DPS 

SINE OF ANGLE OF ATTACK 

WEIGHT ON NOSE GEAR (T/F) 


NOTE— PARAMETERS MARKED WITH * ARE IN THIS SUBROUTTNP 

: 0F THE ^ FLAP .«SiS aSSF 1 Unction 

WHICH MIGHT NORMALLY BE CALCULATED ELSEWHERE ' 


* 

* 

* 

* DLE 

* DLL 

* DLR 

* DR 

* DRE 

* DUL 

* DUR 

* 

***** 

* 


EXTERNAL OUTPUTS FROM ACTUATOR MODEL 

L^T ELEVON DEFLECTION, + TRAILING EDGE DOWN 
LOWER LEFT BODY FLAP DEFLECTION, + TRAILING EDGE DOWN 
LOWER RIGHT BODY FLAP DEFLECTION, + TRAILING EDGE DOWN 
RUDDER DEFLECTION, + TRAILING EDGE LEFT 

ELEWN DEFECTION, + TRAILING EDGE DOWN 
UPPER LEFT BODY FLAP DEFLECTION, - TRAILING EDGE DP 
UPPER RIGHT BODY FLAP DEFLECTION, - 

THE FOLLOWING PREFIXES ARE USED: 

AILERON DEFLECTION 
ELEVATOR DEFLECTION 
LEFT ELEVON DEFLECTION 
LOWER LEFT BODY FLAP DEFLECTION 
LOWER RIGHT BODY FLAP DEFLECTION 
RIGHT ELEVON DEFLECTION 
RUDDER DEFLECTION 
SPEED BRAKE DEFLECTION 
UPPER LEFT BODY FLAP DEFLECTION 
UPPER RIGHT BODY FLAP DEFLECTION 


** * 

THE ] 

* * 


*** 

DA- 

*** 

DE- 

*** 

DLE- 

*** 

DLL- 

*** 

DLR- 

*★* 

DRE- 

*** 

DR- 

*** 

DSB- 

*** 

DUL- 

*** 

DUR- 

** 


*** 

THE F 

** 


*** 

-C 

*** 

-CMD 

*** 

-CMDL 

*** 

-L 

*** 

-P 

*** 

-PP 

*** 

-RL 

*** 

-TAU 


DEGREES 

(+RWD) 

DEGREES 

(+TED) 

DEGREES 

(+TED) 

DEGREES 

(+TED) 

DEGREES 

(+TED) 

DEGREES 

(+TED) 

DEGREES 

(+TEL) 

PERCENT 

(♦EXTEND) 

DEGREES 

(+TED) 

DEGREES 

(+TED) 


THE FOLLOWING SUFFIXES ARE USED: 


COMMANDED DEFLECTIONS 

deflections from flight control system 

LIMITED COMMAND DEFLECTION 
LOWER LIMIT 
PAST VALUE 
PAST-PAST VALUE 
RATE LIMIT 

TIME CONSTANT SECONDS 
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HI Iz, SSLsfoS coefficient ♦ 

:: * * ***** 

1** LIMITS AND INITIAL VALDES 

***•**••*• ***** * 

AA 


DATA DLEU , DLEL , DLERL / 

DATA DREU r DREL, DRERL/ 

DATA DULU , DOLL , DULRL / 

DATA DURU, DURL, DURRW -r — ' . 

DATA DLLO, DLLL, DLLRL/ 60., * 9 , 

SiS ■W.DML.DLMW 

DATA DRU ,DRL ,DRRL / 30., -30., 200. 


30., -30., 200. / 
30., -30., 200. / 
0., -60., 200. / 
0., -60., 200. / 


AA 


A A 


A* 


data decl,decu 
data dacl,dacu 
DATA DRCL, DRCD 


/ -30.0 , 30.0 
/ -30.0 , 30.0 
/ -30.0 , 30.0 


DATA DULC,DULCU,DULCL 0. , 0 . _*JS.o 

DATA DDRC.DDRCO.DURCL 0. '?• ' 

data dllc,dllcu,dllcl / o. ,100.0 ,0. 

DATA DLRC , DLRCU , DLRCL / 0. ' * ' 

DATA DLEP , DLEPP , DREP r DREPP / 0.0 # ' O.o! 0.0 

DATA DOLP , DULPP , durp , DURPP / • ' * ' o .0 

data drp,drpp ' °*° ' °* 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 


:****";£ uimis ‘ 

CLIMIT (X,Y, Z) “ ******************************** 

*************************** ELEVON commands ******************** 

*★ 

AAA 
AA 

** 

AAA 
AA 


LIMITED ELEVATOR COMMAND 

DECMDL - CLIMIT (DECMD,DECL,DECU) 

COMMANDED ELEVONS 

DLEC - DECMDL 
DREC - DECMDL 

************************** rudder command ************************* 
** 

limited rudder command 


AAA 

AA 

AA 

AAA 

A 

A 


DRCMDL - CLIMIT (DRCMD, DRCL, DRCD) 

COMMANDED RUDDER 

NOTE DRCG1 ALLOWS QUICK SCALING CHANGE 
DRC - DRCMDL * DRCG1 


Uiv- , 

n*.********************* aileron command ******************************* 

*** LIMITED AILERON COMMAND 

DACMDL - CLIMIT (DACMD, DACL, DACU) 

**,.*.*.....*********** SPEEDBRAKE COMMAND ***************************** 
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*** LIMITED SPEED BRAKE COMMAND 
** 

SBAUTH - DBFMAX - ABS (DACMDL) 

DSBCMDL - CLIMIT (DSBCMD, 0. 001, SBAUTH) 


******************** 

*★ 


BODY FLAP COMMAND MIXER **************************** 


* BODY FLAPS AS SPEEDBRAKES 

* SHAPED TO MINIMIZE SUBSONIC PITCHING MOMENT 

DBFSBLC - DSBCMDL 

DBFSBUC - -0.333 * DBFSBLC 

IF (DBFSBLC. GT. 15.) DBFSBUC - 10. - DBFSBLC 

IF (WONG) DBFSBUC - - DBFSBLC 

** 

*** BREAK AILERON COMMAND INTO BODY FLAP COMMANDS 


BODY FLAPS FUNCTION AS CONVENTIONAL AILERONS BELOW MACH 1.2 


IF (MACH .LT. 1.2) THEN 

* 


DULCMD - DACMDL 
DLLCMD - DACMDL 
DURCMD - -DACMDL 
DLRCMD - -DACMDL 

* 

ELSE 

* 

* 'REVERSE AILERON' LOWER BODY FLAP CONTROL METHOD AT MACH >1.2 


DATA GBFA, GBFB, GBFBD / 2. 0 , 10 . 0 , 20. 0 / 

UPPER BODY FLAP GAIN SCHEDULE VS MACH 1 AT Ml 4 AT MACH > 4 
GDUDA - CLIMIT (MACH, 1.0, 4.0) 

* LOWER BODY FLAP GAIN SCHEDULE VS MACH 'REVERSE AILERON' 

LOWER BODY FLAPS FUNCTION AS YAW MOMENT GENERATORS IN THIS MODE 

* -1 AT M2, 0 AT Ml. 5, 1 AT Ml 

^ GDLDA - CLIMIT (3. - 2.*MACH, -1. , 1.) 

* ESTIMATED BETA DOT 

BEDOT - PDEG*S INALP - RDEG*COSALP 

* 

* LOWER BODY FLAP AS AILERON DEFLECTION COMMAND 

DLFDA - GBFA* GDLDA* DACMD - GBFB * BET ADEG - GBFBD* BEDOT 


DLLCMD - DLFDA 
DLRCMD - -DLFDA 
DULCMD - GDUDA* DACMDL 
DURCMD - -GDUDA* DACMDL 


ENDIF 

** 

*** BODY FLAP AS AILERON COMMAND LIMITS 

DULCMDL - CLIMIT (DULCMD, DULCL, DULCU) 
DLLCMDL - CLIMIT (DLLCMD, DLLCL, DLLCU) 
DURCMDL - CLIMIT (DURCMD, DURCL, DURCU) 
^ DLRCMDL - CLIMIT (DLRCMD, DLRCL, DLRCU) 

*** BODY FLAP TO ASSIST ELEVATORS 


* GAIN SCHEDULE 1 AT MACH 1 4 ABOVE MACH 1*5 

GDUDE - CLIMIT (6.*MACH-5., 1., 4*) 


*** 
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** 

*** 

** 


S F ”^c°il.-15.) DOFDE - ODODEMDLEC * 15.! 

S^LEC^T.IS.I DLFDE - DISC - 15. 
total body flap commands 

DULC - DOLCMDL + DBFSBOC + OUFDE 

OTBC - DURCMDL + DBFSBUC + DDFDE 

DLLC - DLLCMDL + DBFSBLC + DLF__ 

DLBC - DLRCMDL + DBFSBLC + DLFDE 


DLRC - DLKtnuL -r ******************** 

* FIRST ORDER RRTE AND POSITION LIMITED ACTUATOR MODEL 

♦ ****************************************** 


A 

★ 

★ 

A 

A 

★ 

A 

★ 

A** 
★ ★ 
A 


★ ft 

★ ★A 

★ ♦ 


££^«^iS *»S^ "3 -*—■*-*£ STEr 

S.JTSKSf 8 •PAST V^UE OF OUT IMPLIED 

INPAST - IN 

rnnr 1 \ INITIALIZE Z -TRANSFORM COEFFICIENTS 
WHILE IN RESET (MODE - D IhITIAIjI* 

FOR ACTUATOR TRANSFER FUNCTIONS 
IF (MODE.EQ.l) THEN 
HSTEP • H * 0.5 

LEFT elevon Z-TRANSFORM coefficients 


** 

*** 

** 


* * 

* * ★ 
** 


** 

*** 

** 


** 

*** 

** 


* * 
*** 


DLEZ1 - EXP (-1.0 * HSTEP / DLETAU) 

DI£Z3 - 1.0 - DLEZ1 - DLEZ2 
RIGHT ELEVON Z-TRANSFORM COEFFICIENTS 
DREZ1 - EXP (-1-0 * HSTEP / DRETAU) 

DREZ3 - l’.O - DREZ1 - DREZ2 
UPPER LEFT BODY FLAP Z-TRANSFORM COEFFICIENTS 
D0LZ1 - EXP (-1-0 * HSTEP / DULTAU) 

DULZ3 - 1.0 - DULZ1 - DULZ2 
UPPER RIGHT BODY FLAP Z-TRANSFORM COEFFICIENTS 
DURZ1 - EXP (-1*0 * HSTEP / DURTAU) 

DDRZ3 I S'.? - OURZ1 - DURZ2 
LOWER LEFT BODY FLAP Z-TRANSFORM COEFFICIENTS 
DLLZ1 - EXP (-1.0 * HSTEP / DLLTAU) 

DLLZ3 I:°0 - OLLZ1 - DLLZ2 
LOWER RIGHT BODY FLAP Z-TRANSFORM COEFFICIENTS 
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** 
** * 
** 


** 

** 

** 

** 

★ * 
*** 
** 


* * 

* * * 
** 


** 

** 


* * 
*** 
** 


** 

*** 

** 


** 

* * * 
** 
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DLRZl - EXP (-1.0 * HSTEP / DLRTAU) 
DLRZ2 - 0.0 

DLRZ3 -l.o- DLRZl - DLRZ2 

RUDDER Z-TRANSFORM COEFFICIENTS 

DRZ1 - EXP (-1.0 * HSTEP / DRTAU) 
DRZ2 - 0.0 

DRZ3 - 1.0 - DRZ1 - DRZ2 


ENDIF 


RUN ACTUATOR LOGIC AT 60 HZ (MAIN SIM RUNS AT 30 HZ) 
DO 10 1-1,2 
ELEVON DEFLECTIONS 


DLE - DLEZ1 * DLEP + DLEZ2 * DLEPP + DLEZ3 * DLEC 
DRE - DREZ1 * DREP + DREZ2 * DREPP + DREZ3 * DREC 

RATE LIMITS - ELEVONS 

IF ((DLE - DLEP) .GT. (HSTEP * DLERL) ) THEN 
DLE - DLEP + HSTEP * DLERL 
ELSEIF ((DLEP - DLE) .GT. (HSTEP * DLERL)) THEN 
DLE - DLEP - HSTEP * DLERL 
ENDIF 

IF ( (DRE - DREP ) . GT . (HSTEP * DRERL) ) THEN 
DRE - DREP + HSTEP * DRERL 
ELSEIF ((DREP - DRE) .GT. (HSTEP * DRERL)) THEN 
DRE - DREP - HSTEP * DRERL 
ENDIF 


POSITION LIMITS - ELEVONS 


DLE - CLIMIT (DLE, DLEL, DLEU) 
DRE - CLIMIT (DRE, DREL,DREU) 


PAST VALUES FOR ELEVON DEFLECTIONS 

DLEPP - DLEP 
DLEP - DLE 
DREPP - DREP 
DREP - DRE 


BODY FLAP DEFLECTIONS 


DDL 

DUR 

DLL 

DLR 


DULZ1 * DULP + DULZ2 
DURZ1 * DURP + DURZ2 
DLLZ1 * DLLP + DLLZ2 
DLRZl * DLRP + DLRZ2 


* DULPP + DULZ3 * DULC 

* DURPP + DURZ3 * DURC 

* DLLPP + DLLZ3 * DLLC 

* DLRPP + DLRZ3 * DLRC 


RATE LIMITS - BODY FLAPS 


IF ( (DUL - DULP) .GT. (HSTEP * DULRL) ) THEN 
DUL - DULP + HSTEP * DULRL 
ELSEIF ((DULP - DUL) .GT. (HSTEP * DULRL)) THEN 
DUL - DULP - HSTEP * DULRL 
ENDIF 


IF ((DUR - DURP) .GT. (HSTEP * DURRL) ) THEN 
DUR - DURP + HSTEP * DURRL 
ELSEIF ((DURP - DUR) .GT. (HSTEP * DURRL)) THEN 
DUR - DURP - HSTEP * DURRL 
ENDIF 
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** 

A** 

** 


** 

A** 


IF ((DLL - DLLP) .OT. (HSTEP * DLLRL) ) THEN 

DLL - DLLP + HSTEP * ^LLBL , THEN 

ELSE IE ((DLLP - DLL) -GT.JHSTE* 

DLL - DLLP - HSTEP * DLLRL 

?? D (W - DLRP) .OT. (HSTEP * DLRRL) ) THEN 

ELsS TtSS - S5f * DLRRL,) THEN 

DLR - DLRP - HSTEP * DLRRL 
END IF 


POSITION LIMITS - BODY FLAPS 
DUL - CLIMIT (DUL, DOLL, DULU) 

DOR - CLIMIT (DUR,DURL,DURU) 

DLL - CLIMIT (DLL, DLLL, DLLU) 

DLR - CLIMIT (DLR, DLRL,DLRU) 

PAST VALUES FOR BODY FLAP DEFLECTIONS 


** 


** 

* * * 
** 

** 

*** 

A* 


** 

*** 

** 


* * 

* A * 


DULPP - DULP 
DULP - DUL 
DURPP - DURP 
DURP “ DUR 
DLLPP - DLLP 
DLLP - DLL 
DLRPP - DLRP 
DLRP - DLR 


RUDDER DEFLECTION 

DR - DRZ1 * DRP + DRZ2 * DRPP + DRZ3 * DRC 


ATE LIMITS - RUDDER 

IF {(DR - DRP) -OT. 

DR - DRP + HSTEP 
ELSE IF ((DRP - DR) 
DR - DRP - HSTEP 

END IF 


(HSTEP * DRRL) ) THEN 

* DRRL 

. GT . (HSTEP * DRRL) ) THEN 

* DRRL 


POSITION LIMITS - RUDDER 

DR - CLIMIT (DR, DRL,DRU) 

DLRDEG - DR 

PAST VALUES FOR RUDDER DEFLECTION 


** 


* 


DRPP - DRP 
DRP - DR 


** 

10 CONTINUE 

* * 

END 
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Appendix D: Trimmed Flight 


Condition Check Case Data Sets 


n cct rimO • txt 


Subsonic trim shot 


,c CASE 10K,«.10».10L.HE.2D,4D..B,.S,P 1 ,«,PS,».« 10* 

TEST DESCRIPTION ? 10K TRIM 

NZQ SAS MODE alpha dE DSB HER XRWT 

„AC» P«i ~ "S -C » — ^ 


ICMD 

MODE 


_ r t tc 4 0. -38285- ^ 

.00 258.2 -ll.S ^?°- % 7 9 .0 .0-17.0 0 132 

.544 330.0 -0 * LFT-T FCSLM-23 WND- 0. 0. TRB- 

03/30/92. 09.26.22. PLT-BATMAN LFT -18.2 330.0 

DME,BRG,XT,AC,GC r PSC,PHC- 6.5 330.0 


0. 

.0 


.3010D+03 
-.1481D+03 
- . 1481D+03 


^mO^'^^O^'.^D.OZ . 1389D+02 

BO ^6f9D S + 04‘^ X 23SD-!^^8^D + 05 - . 66670-10 

ACCEL UD°T,VDOT, WDOT.PDOT, ^^529D+00 .OOOOD+OO -.4049D-02 

- . 1583D+01 .7143D-1* ••»«» 

NBP (1-12) - 1 4 2 4 2 3 8 n2974 .09461025536921 

WN (1-12) - ;;i 16 IJi®?5SUw2? !3«3727«570303 .3637276570303 
.572056411297- _294l 167058824 .00032 

“ LP „i! 6 5 “ oU8361 KTA: 2 . 2 3S53285S333E-17 

5S5SS. dep- %£«££? 

DL E- 5.455914855455 DRE- 5.455914855455 

nB- A DXCG- -.4236 

h/B- 719.5479625286 GEAR- 0. 


.5435D+00 
.5903D-13 
. 6656D-11 
.00000+00 
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Appendix 0: Trimmed Flight Condition Cheek Case Data Sets 


Aerodynamic coefficient buildups 
CLBAS, CLOLBF, CLORBF, CLLLBF, CLLRBF, CLDR 
.1647D+00 1508D-01 -.1508D-01 

CLDLE , CLDRE , CLGE , CLLG 

-1345D-01 . 1345D-01 .0000D+00 


r 

.64000-01 .31830-03 

CDDLE, CDDRE, CDGE, CD LG 
. 2135D-02 . 2135D-02 


. 3183D-03 
. 0000D+00 


, t vxrujiJDf , V^PlijKrM , L. 

. 4680D-02 . 5097D-02 .5097D-02 

CMDLE , CMDRE , CMQ , CMGE , CMLG 
-«6 5D -02 - .43650-02 -.1557D+00 

CYBAS , CYULBF, CYURBF , CYLLBF, CYLRBF, CYDR 
-.1223D-01 . 1530D-02 -.1530D-02 

CYDLE , C YDRE , C YGE , CYLG 

”• 19780-01 . 0000D+00 

CLNBAS, CLNULBF , CLNURBF, CLNLLBF, CLNLF 
.2576D-02 -.5295D-03 .5295D-03 

CLNDLE, CLNDRE, CLNP, CLNR, CLNGE, CLNLG 
-.1744D-01 . 1 744D-01 .3116D+00 


' ' '-■L.L.i.Ktfif, CLLLRBF 

-•«02 D -02 -.1827D-02 .1827D-02 

CLLDLE, CLLDRE, CLLP, CLLR, CLLGE, CLLLG 
9D " 01 “-1519D-01 -.8578D+00 

CLT ^:f LBAS ' DCLBF - DCLDE, CLDR, CLGE, CLLG 
.2131D+00 . 1647D+00 .2157D-01 

. 0000D+00 

COIOT, COBAE, OCOSF, DCDDE, CDDR, CDGE, CDLG 
. 7584D-01 . 6400D-01 .7568D-02 

.00000+00 


. 2586D-01 

.2586D-01 

.OOOOD+OO 

R 

.OOOOD+OO 

.3466D-02 

•3466D-02 

.OOOOD+OO 

.OOOOD+OO 

-.4750D-02 

-.4750D-02 

.OOOOD+OO 

t 

.OOOOD+OO 

.5641D-02 

-.5641D-02 

.OOOOD+OO 
, CLNDR 

.OOOOD+OO 

•2574D-02 

.2574D-02 

. 5042D+00 
t CLLDR 

.OOOOD+OO 

. 8275D-02 

- . 8275D-02 

. 6856D+00 

.OOOOD+OO 

2690D-01 

.OOOOD+OO 

4271D-02 

.OOOOD+OO 


DCf ® F ' 0CMDE, CMDR, CMGE, CMLG, DCMQ 
•3355D-02 .4680D-02 .6949D-03 - B73nn no 

. 00000+00 . 4864D-06 .8730D-02 

CYT ^n Y f? S ' ° CYBF ' ° CYDE ' DCYDR ' DC YGE, DCYLG 

olltlloo - - 2735D ' 18 - 00000+00 . 00000+00 


. 0000D+00 
. 0000D+00 


CLHTOT , DCLKBAS , DCLNBF, DCLNDE, DCLNDF 
. 5762D-1 9 . 5762D-1 9 .OOOOD+OC 

• OOOOD+OO .0000D+00 

CLL c^' DCLLBAS ' DCLLBF ' dci ^oe, dclldr 


-.5566D-16 
• OOOOD+OO 


• 1454D-18 - . 5551D-1 6 

. 0000D+00 


DCLNGE , DCLNLG, DCLNDMP 
•OOOOD+OO .OOOOD+OO 

DCLLGE, DCLLLG, DCLLDMP 
•OOOOD+OO .OOOOD+OO 


.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 
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Appendix D: Trimmed Flight Condition Check Case Data Sets 


"cctrim2.txt" - Mach 2 trim shot 


IC CASE 10K,Y1,10H,10L,HK,2D,4D,4B,4S,P1,P2,P3,P4,M? 2D 

TEST DESCRIPTION ? MACH 2 TRIM 

NZQ SAS MODE DE DSB HER XRWY 

T IAS THETA ALT ALr tin rlMM . vRWY 

MACH HDG PHI HDOT NZ DAC DR GAMMA YRWY 


ICMD 

MODE 


6.0 -24.5 

.0 


.0 5628. 
.0 -14.0 


58894. 6.0 


46430. 
-66309. 
-14.0 147 


. 1389D+02 
. 9899D-1 1 
.1034D-10 


.4485D+03 

-.1959D+03 

-.1959D+03 


.00 364.0 -8.0 58700. 

1 997 147.0 .0 -467.7 1.00 

DME,BRG,XT,AC,GC,PSC,PHC- 16.5 95. 

WEIGHT, AREA, CBAR, SPAN , QBAR, 

. 1910D+05 . 2865D+03 .2824D+02 

BODY AXIS F4M XB, YB, ZB, LB. 

- . 1848D+05 -. 4005D-14 -.1920D+05 

STAB AXIS FtM XS, YS, ZS ,1 . 

NBP (1-12) - 8 2 12 1 1 1 1 £79603256935 .00004813084663607 

i:SS5SS5!SS^ 

OLE- -24.49771367525 DRE- -24 . 4 9™. 367525 
DR- -6. 682052281852E-17 DXCG- -.4236 
H/B- 4224.984668183 GEAR- 0. 


0 

632 

1 1.2 


.1996D+01 

.4695D-11 

.3634D-11 

.1324D-15 


-4 . 237438306065E-18 


D-3 


page 4 


Appendix D: Trimmed Flight Condition Check Case Data Sets 


Aerodynamic coefficient buildupa 
CLBAS , CLOLBF , CLURBF, CLLLBF, CLLRBF, CLDR 
. 1617D+00 - . 8236D-02 -.8236D-02 

CLDLE, CLDRE, CLGE, CLLG -5932D-06 

-.5813D-02 -.5813D-02 .0000D+00 ooonn+nn 

CDBAS, CDOLBF , CDURBF , CDLLBF, CDLRBF, CDDR 

.14770+00 .22730-02 .2273D-02 311 fin ns 

CDDLE,CDDRE,CDGE,CDLG 2 .31160-06 

.3195D-02 .3195D-02 .0000D+00 OOOOn+nn 

CMBAS , CMULBF , CMURBF , CMLLBF, CMLRBF , CMDR 

-.18410-01 .3706D-02 .3706D-02 - 2000n nc 

CMDLE, CMDRE, CMQ, CMGE, CMLG -2009D-06 

^ff 50D ~° 2 • 4350D-02 - . 1543D+00 .OOOOD+OO 

CYBAS, CYOLBF , CYCJRBF , CYLLBF, CYLRBF, CYDR 

-.1231D-01 -.1438D-03 .1438D-03 201 fin m 

CYDLE, CYDRE, CYGE, CYLG -2015D-07 

-.9213D-02 . 9213D-02 .OOOOD+OO . OOOOn+nn 

CLN 472 fin L ?i LBF ' CLNURBF - CLNLLBF, CLNLRBF,’cLNDR 
.4720D-03 -.1191D-02 .1191D-02 - 631fin 07 

CLNOLE, CLNDRE, CLNP, CLNR, CLNGE, CLNLG ' 

.69800-02 -.69800-02 .3067D+00 - 503in4.no 

C - L 2fi4fin L 07 LBF ' CLL0RBF ' CLLLRBF, CLLLRBF," CLLDR ° 
.2845D-02 -. 4593D-02 .4593D-02 1162n-Ofi 

CLLDLE , CLLDRE , CLLP , CLLR , CLLGE , CLLLG 

o7w^ 73D_02 -83730-02 -.8609D+00 .6920D+00 

CLTOT, CLBAS, DCLBF, DCLDE , CLDR, CLGE, CLLG 

:5oOo“:So° • UI70 *°° - I6 " D - 01 

COTOT, CDBAS, DCDBF, DCDDE, CDDR, CDGE, CDLG 

:iS • 1,77D *°° 

CMT ??' ' DCMBF ' DCM °E , CMDR, CMGE , CMLG, DCMQ 
- . 2296D-02 - . 184 ID-01 .7411D-02 86QQn-n9 

.OOOOD+OO . 2725D-06 .8699D-02 

CYTOT, OCYBAS, DCYBF, DCYDE, DCYDR, DCYGE, DCYLG 

": oS * 1 o -•‘ 931D - 21 - 00000.00 


.59320-06 
.OOOOD+OO 
.31160-06 
.OOOOD+OO 
-.2009D-06 
•OOOOD+OO 
-.2015D-07 
. OOOOD+OO 
. 6316D-07 
.OOOOD+OO 
-. 1162D-06 
.OOOOD+OO 
-.2505D-19 

-. 9801D-20 

. 7871D-20 

-.8214D-19 


CLNTOT, DCLNBAS, DCLNBF, DCLNDE, DCLNDF 
.2632D-17 . 1 891D-22 .2510D-17 

•OOOOD+OO . 4283D-19 
CLLTOT, DCLLBAS, DCLLBF , DCLLDE , DCLLDR 
. 5548D-17 - . 1140D-21 .5670D-17 

•OOOOD+OO -.10920-18 


DCLNGE , DCLNLG, DCLNDMP 
.OOOOD+OO . 7932D-1 9 

DCLLGE , DCLLLG, DCLLDMP 
•OOOOD+OO -.12760-19 


-.25050-19 
•OOOOD+OO 
-. 9801D-20 
.OOOOD+OO 
.78710-20 
.OOOOD+OO 
. 8214D-19 
.OOOOD+OO 
-.7932D-19 
•OOOOD+OO 
. 1276D-19 
.OOOOD+OO 
.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

•OOOOD+OO 

•OOOOD+OO 

.OOOOD+OO 
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Appendix D: Trimmed Flight Condition Check Case Data Sets 


"cctrim4.txt" - Mach 4 trim shot 


ICMD 

MODE 


IC CASE 10K,Yl,10H f 10L,HK,2D,4D,4B,4S,Pl,P2,P3,P4,M? 4D 

TEST DESCRIPTION ? MACH 4 TRIM 

NZQ SAS MODE D E DSB HER XR"* 

«“ S HOOT HZ DAC DA GAMMA ZR« 

.00 ,53.4 14.0 >0.000 13.0 ... ; «»57. £».• 

3.999 154.0 -0 "208.0 J*°® - ; 67290 17.0 -3.0 148.6 -50.0 

DME,BRG,XT,AC,GC,PSC,PHC- 62 9 138.7 367290. 

“240*02 .1309D+O2 .21741H03 .3399D.01 

_ - 942.D-14 . 2203D+03 .44670-14 

STAB AXIS FSM XS « Y8 . ZS, LS,MS,NS _. 7 7 0 6D-14 .2203D+03 .7028D-14 

FPS 0000S+0f S *t7ie8D-02 . 0000D+00 

" oqqi 166712475 0. -2941.167058824 .00032 
ALPHA- 17.00190977982 BETA- 3 . 296392158263E-18 

P '°' R H S5Si0i;SS?SS55; SX SSii e -?60024041357S9491 

DD DLL- 0007219626995468 DLR- .0007219626995468 
DLE— 4.133305502178 DRE- 4.133305502178 
DR- 0. DXCG- -.4236 
H/B- 7486.921781187 GEAR- 0. 
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Appendix D: Trimmed Flight Condition Check Case Data Sets 


Aerodynamic coefficient buildups 
CLBAS, CLOLBF , CLORBF, CLLLBF, CLLRBF, CLDR 

.26560+00 -.5318D-08 -.5318D-08 .3245D-06 

CLDLE , CLDRE , CLGE , CLLG 

_ ' • 5913D-03 . OOOOD+OO .0000D+00 

CDBAS, CDOLBF , CDURBF , CDLLBF, CDLRBF, CDDR 

. 1785D+00 - . 5348D-08 -.5348D-08 .2759D-06 

CDDLE, CDDRE, CDGE, CDLG 

^ff 07D ~° 3 • 6887D-03 . 0000D+00 .00000+00 

CMBAS , CMULBF , CMURBF , CMLLBF , CMLRBF , CMDR 
-.41520-02 .8306D-08 .8306D-08 -.1559D-06 

CMDLE , CMDRE , CMQ, CMGE, CMLG 

-.17040-03 - . 2044D+00 .0000D+00 

CYBAS, CYULBF, CYURBF, CYLLBF, CYLRBF, CYDR 
-. 9792D-02 . 4757D-08 -.4757D-08 .6043D-08 

CYCLE , CYDRE , C YGE , CYLG 08 

“• 1235D-02 .00000+00 .OOOOD+OO 

CLNBAS, CLNULBF , CLNURBF , CLNLLBF, CLNLRBF, CLNDR 

“'2352D-08 .2352D-08 -.57390-07 

CLNDLE , CLNDRE , CLNP , CLNR , CLNGE , CLKLG 
-.1648D-02 . 1648D-02 .19100+00 -.55300+00 

CLLBAS, CLLULBF , CLLORBF , CLLLRBF, CLLLRBF, CLLDR 

^iJf 3D "° 2 --25540-08 .2554D-08 .11610-06 

CLLDLE, CLLDRE,CLLP, CLLR, CLLGE , CLLLG 

-- 8055D-03 -• 9482D+00 .7158D+00 

CLTOT , CLBAS , DCLBF , DCLDE , CLDR , CLGE , CLLG 

loStSS • 2S580t00 .11830-02 

CDTOT , CDBAS , DCDBF , DCDDE , CDDR , CDGE , CDLG 
: -1799D+00 .1785D+00 .54120-06 -1377D-02 

.OOOOD+OO 

CMTOT, CMBAS , DCMBF , DCMDE , CMDR, CMGE , CMLG, DCMQ 

"'nnnnnl™ -- 4152D -° 2 --2952D-06 -.34070-03 

.OOOOD+OO - . 1671D-06 

CYTOT, DCYBAS, DCYBF , DCYDE, DCYDR, DC YGE, DCYLG 
".'ooJw+J2 -' 3228D - 19 --15880-21 .00000+00 

CLNTOT , DCLNBAS , DCLNBF , DCLNDE , DCLNDR , DCLNGE , DCLNLG 

-3613D-20 .2541D-20 .OOOOD+OO 

•OOOOD+OO .OOOOD+OO 

CLLTOT, DCLLBAS, DCLLBF , DCLLDE, DCLLDR, DCLLGE, DCLLLG, 

"’ftftnnnifl --5813D-20 -.5082D-20 .OOOOD+OO 

•OOOOD+OO .OOOOD+OO 


11610-06 - .11610-06 
7158D+00 .00000+00 


. 1377D-02 


.OOOOD+OO 


.OOOOD+OO 


.OOOOD+OO 


•OOOOD+OO 

DCLNDMP 

.OOOOD+OO 

DCLLDMP 

.00000+00 


. 00000+00 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

. 00000+00 

.OOOOD+OO 

•OOOOD+OO 

•OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 
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Appendix E 

Aero Data Base for 
HL-20 Flight Simulation Studies 



hill llllil 



Aerodynamic Tables 

All aerodynamic functions are encoded as third-order polynomials in angle of anack 
(alpha): 


C, = flo + 0i« + fl 2 « 2 + fl 3« 3 


A good FORTRAN implementation might be: 


COEFF - ( ( (A3*ALPHA) + A2) * ALP HA + All * ALPHA + AO 
The polynomial coefficients no. a,, or. and n, are given in the enclosed able. 

For a given Mach number (and deflection, for condo, 'delta' tables), the rows of the tables 
are as follows: 


flo, fli, <*2. «3 

no. 01 . 02. 03 

flo. 01. 02. 03 
flo. 01. 02. 03 
flo, 01. 02, 03 
flO, 01, 02. 03 


for coeff. of lift (Cl ) 

for coeff. of drag (Cp ) 

for coeff. of pitching moment (L m ) 

for coeff. of sideforce (Cy) 

for coeff. of yawing moment (Cn) 

for coeff. of rolling moment (C/ ) 


Thus, for a given Mach number (and deflection) there are 6 x 4 = 24 entries. 

Table 1 is for basic (no controls deflected) aerodynamics [ f(Mach) J. 

[ f(deflection, Mach) ] 

Table 6 is slightly unusual: it gives coefficients for damping derivatives in dm followmg 
order: 

£ SS 5 Slw 1 ’ £3£2s£*» «*, «*> 

flo, 0i » 02, 3 coeff. of roll damping due to roll rate (Qp ) 

flo, 01 , 02 , 03 — n f mil damnine due to yaw rate (W ) 


ao, 0i, 02 , 03 
flo, 01 , 02,03 


for coeti. oi rtm » - 

for coeff. of roll damping due to yaw rate (C ) 
for coeff. of yaw damping due to yaw rate (C/ r ) 


These are functions of alpha only! (constant with Mach) 

^altitude fKwa» utin^t of £** 

to be normalized. 

Table 8 gives landing gear effect deltas, as a function of gear angle (0-90°) where 
fully extended. 

Deflection angles are in degrees; negative indicares hailing edge up (flaps and elevens) or 
trailing edge left (rudder). 
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Control deltas are assumed symmetrical, so the effects for right body flaps and elevons are 
^surfaces longitudinally and negated for the laten&directional data. 

Sme lavdk = ^une^" 8 CdgC eft ’ md nCCds t0 ** mirrorcd for ri 8 ht deflections Gong = 


Database Limits 

An g l e of attack limits (degrees V 


0 £ Mach <1.1 
1.1 £ Mach < 1.6 
1.6 £ Mach < 3.0 
3.0 £ Mach < 4.0 
Surface limits (degrees'!: 


-2 < a £ 26 
-2 < a £ 15 

-2 < a £ 15 @ M=1.6, ramps to 30 @ M=3 
-2 < a £ 30 


-60 

£ 

upper body flaps 

£ 

0 

0 

£ 

lower body flaps 

£ 

+60 

-30 

£ 

wing flaps 

£ 

+30 

-30 

£ 

all-moveable fin 

£ 

+30 


Reference Quantities 

Span: 13.89 ft 

Area: 286.45 ft 2 

Chord: 28.24 ft 

Center of Gravity - Moment transfer 

WY^f r °i data f 1 f e ^£ nte 4 he !? was measured at a moment reference center at 54 % of body 
length, along the Z-axis. For center of gravity locations other than 54 %, the moment 

momin^r l f Wd haVC t0 ^ to . account for die shift in location, using conventional 

moment reference center transfer relationships. [The current center of gravity being tested 
m the simulator at Langley is 55.5 %.] 7 s 
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AERO COEFFICIENT DEFINITIONS USED FOR HL-20 

DATA BASE 



I! II II II II + II + 


—J Q E >- c _ 

o o o o o o 


E-4 


"E" denotes contributions from 2 separate flaps 
s ref = 286.45 ft 2 c re( = 28.24 ft b ref = 1 3.89 ft 
x cg,ref = 054 c ref z cg,ref “ 0 (nose) 



AERO DATA BASE FORMAT 
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LU QC 

m Q 
< LU 


O -I 

O ffl 

QC < 
LU 

< 
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HL-20 Aerodynamics Tables (version 2.0) 


TABLE 


- AERO FOR BASIC 
.30, 

-0 . 53627E-01 , 
0 . 52497E-01 , 
0.13877E-01 , 
-0 . 11965E-01 , 
0 . 28556E-02 , 
-0 . 49857E-02 , 


CONFIGURATION 

0 . 36236E-01 , 
-0 . 94928E-03 , 
-0.16690E-02 , 
0.83671E-04 , 
-0 . 14834E-03 , 
-0 . 14777E-03 , 


0.60, 

-0 . 57275E-01 , 
0 . 57938E-01 , 
0 . 17416E-01 , 
-0 . 11965E-01 , 
0 . 28556E-02 , 
-0 . 49857E-02 , 


0 . 38033E-01 , 
-0 . 18023E-02 , 
-0 . 19652E-02 , 
0 . 83671E-04 , 
-0 . 14834E-03 , 
-0 . 14777E-03 , 


0 . 16060E-03 , 
0.25082E-03 , 
-0.60058E-04 , 
-0.28288E-04 , 
0.21107E-04 , 
-0 . 26840E-04 , 


-0.65196E-05 , 
0.74058E-05 , 
0 . 17663E-05 , 
0 . 93638E-06 , 
-0.64189E-06 , 
0 . 10307E-05 , 


0.35047E-03 , 
0.57369E-03 , 
-0.50693E-04 , 
-0.28288E-04 , 
0.21107E-04 , 
-0.26840E-04 , 


-0 . 18509E-04 , 
-0 . 26238E-05 , 
0 . 27292E-05 , 
0 . 93638E-06 , 
-0 . 64189E-06 , 
0.10307E-05 , 


0.80, 

-0 . 73425E-01 , 
0 . 60114E-01 , 
0.25129E-01 , 
-0.13313E-01 , 
0 . 30814E-02 , 
-0 . 63969E-02 , 


0 . 43347E-01 , 
-0 . 24390E-02 , 
-0.30512E-02 , 
-0 . 13917E-03 , 
0 . 11705E-03 , 
-0 . 49202E-03 , 


0 . 12122E-03 , 
0 . 80564E-03 , 
-0 . 48533E-04 , 
0.16040E-04 , 
-0 . 22768E-05 , 
0 . 28527E-04 , 


-0 . 15927E-04 , 
-0 . 83870E-05 , 
0.46453E-05 , 
-0 . 14751E-06 , 
-0.29912E-06 , 
-0 . 30272E-06 , 


0.90, 

-0 . 79696E-01 , 
0.75138E-01 , 
0 . 29294E-01 , 
-0 . 15611E-01 , 
0 . 42835E-02 , 
-0 . 76737E-02 , 


0.48235E-01 , 
-0 . 19735E-02 , 
-0.42409E-02 , 
-0 . 62999E-04 , 
0 . 16642E-03 , 
-0 . 66690E-03 , 


-0 . 25581E-03 , 
0.80452E-03 , 
0.54790E-04 , 
0 . 32037E-04 , 
-0 . 27314E-04 , 
0.66701E-04 , 


-0 . 76994E-05 , 
-0 . 74729E-05 , 
0.27028E-05 , 
-0.10789E-05 , 
0.52397E-06 , 
-0 . 13407E-05 , 


0.95, 

-0 . 78830E-01 , 
0 . 86848E-01 , 
0 . 32391E-01 , 
-0 . 15912E-01 , 
0 . 37185E-02 , 
-0 . 75838E-02 , 


0 . 47794E-01 , 
-0 . 27646E-02 , 
-0.37710E-02 , 
-0 . 16607E-03 , 
0 . 11654E-03 , 
-0 . 56194E-03 , 


-0.78668E-04 , 
0 . 10117E-02 , 
-0.56951E-04 , 
0 . 41530E-04 , 
-0 . 27058E-04 , 
0.46742E-04 , 


-0.13045E-04 , 
-0 . 13205E-04 , 
0 . 56053E-05 , 
-0 . 14669E-05 , 
0.66226E-06 , 
-0.72842E-06 , 


1 . 10 , 

-0 . 80420E-01 , 
0 . 15715E+00 , 
0 . 35408E-01 , 
-0.17436E-01 , 
0.42175E-02 , 
-0.92197E-02 , 


0.54653E-01 , 
-0 . 22457E-02 , 
-0.77162E-02 , 
-0 . 44578E-03 , 
0.54026E-03 , 
-0 . 75813E-03 , 


-0 . 74764E-03 , 
0.86140E-03 , 
0.14340E-03 , 
0 . 52213E-04 , 
-0.60263E-04 , 
0.75548E-04 , 


0 . 35017E-05 , 
-0 . 69411E-05 , 
0.14758E-05 , 
-0.13753E-05 , 
0.14709E-05 , 
-0.15350E-05 , 


1 . 20 , 

-0 . 44418E-01 , 

0 . 15882E+00 , 
0 . 19680E-01 , 
-0.17879E-01 , 
0.44383E-02 , 
-0.97140E-02 , 

1.60, 

-0 . 11257E-01 , 
0 . 14629E+00 , 
-0 . 72872E-03 , 
-0 . 15850E-01 , 
0 . 33514E-02 , 
-0 . 58210E-02 , 


0 . 53040E-01 , 
-0 . 23765E-02 , 
-0 . 81532E-02 , 
-0 . 19663E-03 , 
0 . 32543E-03 , 
-0 . 59220E-03 , 

0 . 41426E-01 , 
-0 . 23102E-02 , 
-0 . 55882E-02 , 
0 . 35817E-03 , 
-0 . 15356E-03 , 
-0.71430E-04 , 


-0 . 89926E-03 , 
0.86128E-03 , 
0 . 26234E-03 , 
0 . 23113E-04 , 
-0 . 41639E-04 , 
0 . 69795E-04 , 

-0 . 81475E-03 , 
0 . 93921E-03 , 
0 . 22895E-03 , 
-0.34719E-04 , 
-0.14852E-05 , 
0 . 20627E-04 , 


0 . 81050E-05 , 
-0 . 73481E-05 , 
-0.16246E-05 , 
-0 . 63930E-06 , 
0 . 10394E-05 , 
-0 . 15375E-05 , 

0 . 15473E-04 , 
-0.15616E-04 , 
-0 . 36716E-05 , 
0.41024E-06 , 
0 . 49399E-06 , 
-0 . 78310E-06 , 


2 . 00 , 
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-0.15098E-01 , 0.31575E-01 , 

0 . 13571E+00 , -0.14175E-02 
-0 . 23853E-02 , -0.33833E-02 , 
-0 . 12972E-01 , 0.40337E-03 , 

0 . 91611E-03 , -0.19773E-03 , 
-0.25787E-02 , -0.75866E-04 , 

2.50, 


-0.42347E-03 , 
0 . 58796E-03 , 
0 . 13745E-03 , 
-0.56678E-04 , 
0.22577E-04 , 
0.77915E-05 , 


-0 . 22501E-01 , 0.25326E-01 , 

0 . 12507E+00 , -0 . 1 64 93E-02 , 
0 . 6301 9E-03 , -0 . 21 554E-02 , 
-0.11375E-01 , 0 . 45051E-04 , 

0.17560E-03 , -0.87232E-04 , 
-0.11511E-02 , -0 . 1 1 055E-03 , 

r 

-0.26367E-01 , 0.19838E-01 , 

0.11 655E+00 , -0.15753E-02 , 
0.36321E-02 , -0 . 13864E-02 , 
-0 . 10999E-01 , 0 . 99710E-04 , 

-0.85873E-04 , 0.30454E-05 , 

-0.67164E-03 , -0 . 954 97E-04 , 


-0.16902E-03 , 
0 . 45005E-03 , 
0 . 78695E-04 , 
-0.15653E-04 , 
0 . 18282E-04 , 
0.50955E-05 , 

0.54004E-04 , 
0 . 36589E-03 , 
0.33042E-04 , 
-0.14988E-04 , 
0 . 94849E-05 , 
0.20573E-05 , 


-0.29176E-01 , 

0 

0 . 10811E+00 , 

-0 

0.56630E-02 , 

“0 

-0 . 98676E-02 , 

0 

-0.28449E-03 , 

0 

-0.16431E-03 , 

-0 


4.00, 


17125E-01 , 0.62657E-04 , 
15118E-02 , 0.29883E-03 , 
92858E-03 , 0.22256E-04 , 
99902E-04 , -0.12273E-04 , 
32275E-04 , 0.61112E-05 , 
10324E-03 , 0.72182E-06 , 


-0 . 31 81 IE-01 , 
0 . 10326E+00 , 
0.73127E-02 , 
-0.89074E-02 , 
-0 . 29727E-03 , 
0 . 12999E-03 , 


0.14809E-01 , 
-0.15572E-02 , 
-0.62463E-03 , 
0.47669E-04 , 
0 . 45155E-04 , 
-0.11818E-03 , 


0.14650E-03 , 
0.27385E-03 , 
0 . 10139E-04 , 
-0 . 93184E-05 , 
0.36455E-05 , 
0 . 81 639E-06 , 


0.93187E-05 , 
-0 . 36904E-05 , 
-0 . 26807E-05 , 
0 . 14443E-05 , 
-0.42151E-06 , 
-0.29080E-06 , 

0.43368E-05 , 
0 . 68132E-06 , 
-0.18428E-05 , 
0.45294E-06 , 
-0.44906E-06 , 
-0.15251E-06 , 

-0 . 74887E-09 , 
0.23178E-05 , 
-0.92622E-06 , 

0 . 39433E-06 , 
-0 . 24655E-06 , 
-0 . 66340E-07 , 

0 . 16984E-05 , 

0 . 41193E-05 , 
-0.87723E-06 , 
0.27149E-06 , 
-0 . 16268E-06 , 
-0.26927E-07 , 

0 . 68917E-06 , 

0 . 45854E-05 , 
■0.76651E-06 , 
0.20343E-06 , 

0 . 87185E-07 , 

0 . 24418E-07 , 


E-8 



HL-20 Aerodynamics Tables (version 2.0) 


TABLE 


AERO increments due to upper left body flap deflection 


60.0, 

0.30, 

-0 . 10790E+00 
0 . 28614E-01 
0 . 25390E-01 
-0.67145E-02 
-0 . 37868E-03 
-0.22137E-01 

0.60, 

-0 . 12121E+00 
0 . 32146E-01 
0 . 28523E-01 
-0 . 75431E-02 
-0 . 42541E-03 
-0 . 24869E-01 


, -0 . 39598E-02 
, -0.17940E-02 
, 0.10224E-02 
, 0.25330E-02 
, -0.54643E-03 
, 0 . 19442E-03 

, -0 . 44484E-02 
, -0 . 20153E-02 
, 0 . 11485E-02 
, 0.28456E-02 
, -0.61386E-03 
, 0 . 21841E-03 


, 0.34147E-03 , 

, 0 . 19064E-04 , 

, -0 . 11650E-03 , 

, -0 . 11183E-03 , 

, 0.80448E-05 , 

, 0 . 18689E-04 , 

0 . 38362E-03 , 
0.21417E-04 , 
-0.130B8E-03 , 
-0.12564E-03 , 
0 . 90376E-05 , 
0.20995E-04 , 


-0 . 76617E-05 , 
-0 . 81583E-06 , 

0 . 30582E-05 , 
0 . 11335E-05 , 
0.35166E-06 , 
-0 . 13353E-05 , 

-0 . 86072E-05 , 
-0 . 91651E-06 , 
0 . 34356E-05 , 
0 . 12734E-05 , 
0.39506E-06 , 
-0 . 15001E-05 , 


0.80, 

-0 . 13853E+00 , 
0 . 36739E-01 , 
0 . 32599E-01 , 
-0 . 86209E-02 , 
-0.48620E-03 , 
-0 . 28422E-01 , 


-0.50840E-02 , 
-0 . 23033E-02 , 
0 . 13126E-02 , 
0 . 32522E-02 , 
-0 . 70157E-03 , 
0.24962E-03 , 


0 . 43843E-03 , 
0 . 24477E-04 , 
-0 . 14958E-03 , 
-0 . 14359E-03 , 
0.10329E-04 , 
0.23995E-04 , 


-0.98371E-05 , 
-0.10475E-05 , 
0 . 39265E-05 , 
0 . 14553E-05 , 
0 . 45151E-06 , 
-0 . 17144E-05 , 


0.90, 

-0 . 14430E+00 , 
0 . 38269E-01 , 
0 . 33956E-01 , 
-0.89799E-02 , 
-0 . 50645E-03 , 
-0.29606E-01 , 


-0.52958E-02 , 
-0 . 23992E-02 , 
0.13673E-02 , 
0.33876E-02 , 
-0 . 73079E-03 , 
0.26001E-03 , 


' -0.10621E+00 , -0 . 38978E-02 , 
0 . 28167E-01 , -0 . 17659E-02 , 
0 . 24993E-01 , 0.10064E-02 , 

-0 . 66094E-02 , 0.24934E-02 , 

-0 . 37276E-03 , -0.53788E-03 , 
-0 . 21791E-01 , 0.19138E-03 , 


0 . 45669E-03 , 
0 . 25497E-04 , 
-0.15581E-03 , 
-0 . 14957E-03 , 
0.10759E-04 , 
0 . 24994E-04 , 

0 . 33613E-03 , 
0.18766E-04 , 
-0 . 11468E-03 , 
-0.11009E-03 , 
0.79189E-05 , 
0.18396E-04 , 


-0.10247E-04 , 
-0.10911E-05 , 
0 . 40900E-05 , 
0 . 15159E-05 , 
0 . 47031E-06 , 
-0.17858E-05 , 

-0 . 75419E-05 , 
-0 . 80307E-06 , 
0 . 30104E-05 , 
0 . 11158E-05 , 
0.34616E-06 , 
-0 . 13144E-05 , 


' -0.91252E-01 , -0.26238E-02 , 
0 . 24318E-01 , -0.17354E-02 , 
0 . 22325E-01 , 0.61464E-03 , 

-0 . 58554E-02 , 0.20673E-02 , 

0.69166E-04 , -0.50942E-03 , 
-0 . 20482E-01 , 0 . 33401E-03 , 


0.29091E-03 , 
0 . 46082E-04 , 
-0.91771E-04 , 
-0 . 83844E-04 , 
-0 . 31720E-05 , 
0.20587E-04 , 


-0.83573E-05 , 
-0.20453E-05 , 
0.30159E-05 , 
0.66666E-07 , 
0.13062E-05 , 
-0 . 19550E-05 , 


1 . 20 , 

-0.81274E-01 , 
0 . 21750E-01 , 
0 . 20546E-01 , 
-0 . 53524E-02 , 
0 . 36397E-03 , 
-0 . 19609E-01 , 


-0 . 17738E-02 , 
-0 . 17151E-02 , 
0 . 35331E-03 , 
0 . 17830E-02 , 
-0.49043E-03 , 
0.42915E-03 , 


' -0.41371E-01 , 0 . 16248E-02 , 

0.H482E-01 , -0 . 16339E-02 , 
0 . 13430E-01 , -0 . 69165E-03 , 
-0 . 33411E-02 , 0 . 64622E-03 , 

0 . 15428E-02 , -0.41451E-03 , 
-0 . 16118E-01 , 0 . 80962E-03 , 


0.26074E-03 , 

0 . 64305E-04 , 
-0.76488E-04 , 
-0.66338E-04 , 
-0 . 10571E-04 , 
0.22049E-04 , 

0.14011E-03 , 
0 . 13717E-03 , 
-0 . 15377E-04 , 
0.36620E-05 , 
-0.40156E-04 , 
0 . 27893E-04 , 


-0 . 89012E-05 , 
-0.28740E-05 , 

0 . 30195E-05 , 
-0.63319E-06 , 
0.19466E-05 , 
-0 . 23823E-05 , 

-0.H076E-04 , 
-0.61876E-05 , 
0 . 30342E-05 , 
-0.34317E-05 , 
0 . 45075E-05 , 
-0.40911E-05 , 
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2.00, 

-0.18399E-01 , 0.57860E-03 

0.86855E-02 , -0.97873E-03 
0 . 72739E-02 , -0.36706E-03 
0.33443E-02 , -0.11476E-02 
-0.50035E-02 , 0.76713E-03 

-0.76450E-02 , 0.14487E-03 

f 

-0.12611E-01 , -0.83223E-03 
0.68112E-02 , -0.10895E-02 
0 . 52912E-02 , -0.30220E-03 
0 . 65977E-02 , -0.11331E-02 
-0.69929E-02 , 0.10304E-02 

-0.40981E-02 , 0.21967E-03 

3.00, 

-0.12685E-01 , 0.89264E-03 

0 . 54926E-02 , -0.97982E-03 
0.51016E-02 , -0.44019E-03 
0.54385E-02 , -0.51322E-03 
-0.73359E-02 , 0.76892E-03 

-0 . 31666E-02 , 0.24689E-03 

3.50, 

-0 . 90818E-02 , 0 . 42043E-03 

0.49866E-02 , -0.78690E-03 
0 . 46264E-02 , -0.35325E-03 
0. 49941E-02 , -0.55236E-03 
-0.66325E-02 , 0.70494E-03 

-0 . 25868E-02 , 0.17488E-03 

4.00, 

-0.93313E-02 , 0.99491E-03 

0 . 51748E-02 , -0.67987E-03 
0 . 40946E-02 , -0 . 27479E-03 
0.46385E-02 , -0.58880E-03 
-0.58278E-02 , 0.66562E-03 

-0.21926E-02 , 0.12091E-03 

45.0, 

0.30, 

-0.10016E+00 , 0.41735E-04 

0 . 25309E-01 , -0.17365E-02 
0.24664E-01 , 0.53773E-03 

-0 . 14454E-02 , 0.12260E-02 

-0.31569E-02 , -0 . 25349E-03 
-0.17966E-01 , -0 . 75365E-03 


, 0. 15317E-03 , -0 . 79914E-05 , 

, -0.22713E-05 , 0.17185E-05 , 

, -0 . 50677E-05 , 0.73619E-06 , 

, 0.11806E-03 , -0.41998E-05 

, -0 . 40094E-04 , 0.94873E-06 ' 

, 0.20025E-04 , -0.96058E-06 , 

' 0.11557E-03 , -0.25219E-05 , 

, 0.54363E-04 , -0.75053E-06 , 

, 0 . 55186E-05 , 0.46683E-07 

' 0.92328E-04 , -0.26551E-05 , 

, -0 . 55069E-04 , 0.11074E-05 , 

, -0.47749E-05 , -0.42599E-07 , 

, 0 . 88935E-06 , -0.68625E-06 , 

, 0.60070E-04 , -0 . 12141E-05 , 

' 0 . 16512E-04 , -0 . 15121E-06 , 

, 0 . 18114E-04 , -0.21052E-06 , 

, -0.27021E-04 , 0.31440E-06 , 

, -0.10291E-04 , 0 . 16195E-06 , 

, 0.15249E-04 , -0.74779E-06 , 

, 0 . 45200E-04 , -0.92976E-06 , 

, 0.11567E-04 , -0 . 77657E-07 

, 0.20563E-04 , -0.23765E-06 , 

, -0.25463E-04 , 0.31113E-06 

, -0.58482E-05 , 0.85025E-07 , 

, -0.31729E-04 , 0.39912E-06 , 

, 0 . 31 988E-04 , -0.44387E-06 

, 0.75447E-05 , -0.31399E-07 

, 0.29643E-04 , -0.50696E-06 

, -0.26724E-04 , 0.36859E-06 , 

, -0.18185E-05 , -0 . 32951E-09 , 


' 0.13947E-03 , -0.47630E-05 , 

, 0.20302E-04 , -0.70720E-06 

, -0.91378E-04 , 0.26395E-05 , 

, -0.40343E-04 , -0.95350E-07 , 

, 0.11645E-04 , 0.11762E-07 , 

, 0 . 10746E-03 , -0.33509E-05 , 


-0.11252E+00 , 
0.28432E-01 , 
0.27708E-01 , 
-0.16238E-02 , 
-0.35465E-02 , 
-0.20184E-01 , 

0.80, 

-0 . 12859E+00 , 
0.32495E-01 , 
0.31667E-01 , 
-0.18558E-02 , 
-0 . 40533E-02 , 
-0 . 23067E-01 , 

0.90, 


0 . 46885E-04 , 
-0 . 1 9507E-02 , 
0 . 60409E-03 , 
0.13773E-02 , 
-0.28477E-03 , 
-0.84666E-03 , 

0 . 53583E-04 , 
-0.22295E-02 , 
0 . 69041E-03 , 
0 . 15741E-02 , 
-0.32546E-03 , 
-0.96763E-03 , 


0.15668E-03 , 
0.22807E-04 , 
-0 . 10265E-03 , 
-0 . 45321E-04 , 
0 . 13082E-04 , 
0.12072E-03 , 

0.17906E-03 , 
0.26066E-04 , 
-0.11732E-03 , 
-0.51797E-04 , 
0 . 14951E-04 , 
0 . 13797E-03 , 


-0.53508E-05 , 
-0 . 79447E-06 , 
0.29652E-05 , 
-0.10712E-06 , 
0 . 13214E-07 , 
-0 . 37644E-05 , 

-0.61153E-05 , 
-0.90798E-06 , 
0 . 33889E-05 , 
-0 . 12242E-06 , 
0.15102E-07 , 
-0.43023E-05 , 
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-0 . 13395E+00 
0.33848E-01 
0 . 32985E-01 
-0 . 19331E-02 
-0 . 42221E-02 
-0 . 24028E-01 

0.95, 

-0 . 98590E-01 
0 . 24913E-01 
0 . 24278E-01 
-0 . 14228E-02 
-0.31076E-02 
-0 . 17685E-01 


, 0 . 55814E-04 , 

, -0 . 23223E-02 , 

, 0.71916E-03 , 

, 0 . 16397E-02 , 

, -0.33902E-03 , 

, -0.10079E-02 , 

, 0 . 41081E-04 , 

f -0 . 17093E-02 , 
, 0.52932E-03 , 

, 0.12068E-02 , 

, -0 . 24953E-03 , 
, -0.74186E-03 , 


0 . 18652E-03 , -0.63700E-05 , 
0 . 27152E-04 , -0.94580E-06 , 
-0 . 12221E-03 , 0 . 35301E-05 , 

-0 . 53954E-04 , -0.12752E-06 , 
0.15573E-04 , 0.15731E-07 , 

0.14371E-03 , -0.44815E-05 , 

0.13728E-03 , -0.46885E-05 , 
0 . 19984E-04 , -0.69613E-06 , 
-0 . 89949E-04 , 0.25982E-05 , 

-0.39712E-04 , -0.93859E-07 , 
0 . 11462E-04 , 0 . 11578E-07 , 

0.10578E-03 , -0 . 32985E-05 , 


1 . 10 , 

-0 . 83862E-01 , 
0 . 21391E-01 , 
0.21280E-01 , 
-0.17420E-02 , 
-0 . 20917E-02 , 
-0 . 16729E-01 , 


0 . 34646E-03 , 
-0 . 16316E-02 , 
0.27318E-03 , 
0.10537E-02 , 
-0 . 27229E-03 , 
-0 . 41382E-03 , 


0 . 13276E-03 , -0.57533E-05 , 
0.41956E-04 , -0.17346E-05 , 
-0.72177E-04 , 0.25868E-05 , 

-0.29841E-04 , -0.73722E-06 , 
0.10365E-05 , 0.88240E-06 , 

0.86779E-04 , -0.33303E-05 , 


1 . 20 , 

-0 . 74038E-01 , 
0 . 19041E-01 , 
0.19279E-01 , 
-0 . 19550E-02 , 
-0 . 14140E-02 , 
-0.16091E-01 , 


0 . 55017E-03 , 
-0 . 15797E-02 , 
0.10230E-03 , 
0 . 95146E-03 , 
-0.28747E-03 , 
-0 . 19499E-03 , 


0 . 12975E-03 , -0.64636E-05 , 
0.56613E-04 , -0.24274E-05 , 
-0 . 60322E-04 , 0.25791E-05 , 

-0 . 23256E-04 , -0.U664E-05 , 
-0 . 591B7E-05 , 0.14633E-05 , 

0 . 74106E-04 , -0 . 33515E-05 , 


-0 . 34751E-01 , 0 . 13648E-02 , 

0 . 96445E-02 , -0.13724E-02 , 
0 . 11281E-01 , -0 . 58098E-03 , 
-0 . 28065E-02 , 0.54282E-03 , 

0 . 12959E-02 , -0.34818E-03 , 
-0 . 13539E-01 , 0 . 68007E-03 , 

2 ’ 00 '-0.15455E-01 , 0.48601E-03 , 

0 . 72957E-02 , -0.82212E-03 , 
0 . 61100E-02 , -0 . 30832E-03 , 
0 . 28092E-02 , -0.96399E-03 , 
-0 . 42028E-02 , 0.64438E-03 , 

-0 . 64217E-02 , 0.12169E-03 , 


0.11769E-03 , -0 . 93039E-05 , 
0.11522E-03 , -0.51975E-05 , 
-0 . 12916E-04 , 0 . 25486E-05 , 

0 . 30760E-05 , -0.28826E-05 , 
-0.33730E-04 , 0.37863E-05 , 

0.23430E-04 , -0.34364E-05 , 

0 . 12866E-03 , -0.67126E-05 , 
-0.19079E-05 , 0 . 14435E-05 , 

-0 . 42568E-05 , 0.61839E-06 , 

0.99170E-04 , -0.35278E-05 , 

-0.33678E-04 , 0.79692E-06 , 

0 . 16821E-04 , -0 . 80687E-06 , 


o 5Q 

' -0 . 10593E-01 , -0 . 69906E-03 , 
0 . 57213E-02 , -0.91517E-03 , 
0 . 44445E-02 , -0.25384E-03 , 
0 . 55419E-02 , -0.95182E-03 , 
-0 . 58739E-02 , 0.86552E-03 , 

-0 . 34423E-02 , 0.18452E-03 , 


0 . 97073E-04 , 
0.45664E-04 , 
0 . 46355E-05 , 
0.77554E-04 , 
-0 . 46257E-04 , 
-0 . 40109E-05 , 


3.00, 

-0 . 10655E-01 , 
0 . 46137E-02 , 
0 . 42853E-02 , 
0 . 45683E-02 , 
-0 . 61620E-02 , 
-0.26599E-02 , 


0 . 74981E-03 , 
-0.82303E-03 , 
-0 . 36976E-03 , 
-0.43110E-03 , 
0 . 64588E-03 , 
0.20738E-03 , 


0.74704E-06 , 
0.50458E-04 , 
0 . 13870E-04 , 
0 . 15215E-04 , 
-0 . 22697E-04 , 
-0 . 86444E-05 , 


-0 . 21184E-05 , 
-0.63043E-06 , 
0.39213E-07 , 
-0 . 22302E-05 , 
0.93016E-06 , 
-0.35782E-07 , 

-0 . 57644E-06 , 
-0 . 10198E-05 , 
-0 . 12702E-06 , 
-0 . 17683E-06 , 
0 . 26409E-06 , 
0 . 13603E-06 , 


50 

' -0.76286E-02 , 0.35315E-03 

0 . 41887E-02 , -0.66099E-03 


0 . 12809E-04 , -0 . 62813E-06 , 
0.37967E-04 , -0.78098E-06 , 
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0.38861E-02 , -0.29672E-03 
0.41950E-02 , -0.46397E-03 
-0.55712E-02 f 0.59214E-03 
-0.21729E-02 , 0.14690E-03 

4.00, 

-0.78381E-02 , 0 . 83571E-03 

0 . 43468E-02 , -0.57108E-03 
0 . 34394E-02 , -0.23082E-03 
0 . 38962E-02 , -0.49458E-03 
-0.48953E-02 , 0.55911E-03 

-0.18418E-02 , 0 . 10156E-03 

-30.0, 

0.30, 

-0.89878E-01 , 0 . 65844E-02 

0 . 15506E-01 , -0.62231E-03 
0.19826E-01 , -0.10549E-03 
0.10123E-02 , 0.88953E-03 

-0.17404E-02 , -0.17723E-03 
-0 . 12931E-01 , 0 . 11183E-03 

0.60, 

-0 . 10097E+00 , 0.73970E-02 

0 . 17419E-01 , -0 . 69911E-03 
0.22273E-01 , -0.11851E-03 
0 . 11372E-02 , 0.99930E-03 

-0 . 19552E-02 , -0 . 19911E-03 
-0.14527E-01 , 0.12563E-03 

0.80, 

-0.11540E+00 , 0 . 84539E-02 

0.19908E-01 , -0.79900E-03 
0 . 25455E-01 , -0.13545E-03 
0 . 12997E-02 , 0.11421E-02 

-0.22346E-0 2 , -0.22755E-03 
-0.16602E-01 , 0.14358E-03 

0.90, 

-0 . 12020E+00 , 0.88060E-02 

0.20738E-01 , -0.83228B-03 
0 . 26515E-01 , -0 . 14109E-03 
0 . 13539E-02 , 0.11896E-02 

-0 . 23277E-02 , -0.23703E-03 
-0 . 17294E-01 , 0.14956E-03 

0.95, 

-0.88472E-01 , 0.64815E-02 

0 . 15263E-01 , -0.61258E-03 
0.19516E-01 , -0. 10384E-03 
0.99648E-03 , 0.87561E-03 

-0.17132E-02 , -0 . 17446E-03 
-0.12729E-01 , 0 . 11008E-03 

1.10, 

-0 . 73788E-01 , 0.52111E-02 

0 . 13331E-01 , -0 . 69741E-03 
0.16873E-01 , -0.17562E-03 
0.30412E-03 , 0 . 76306E-03 

-0 . 11044E-02 , -0.19159E-03 
-0.12023E-01 , 0 . 19675E-03 

L .20, 

-0.63992E-01 , 0.43636E-02 

0 . 12043E-01 , -0 . 75401E-03 
0 . 15109E-01 , -0 . 22351E-03 


, 0.97163E-05 , -0.65230E-07 , 
, 0 . 17272E-04 , -0.19962E-06 
, -0.21388E-04 , 0.26134E-06 , 

' -0 . 49124E-05 , 0.71420E-07 , 

, -0.26652E-04 , 0.33526E-06 , 

' 0.26869E-04 , -0.37284E-06 , 

, 0.63375E-05 , -0.26375E-07 , 

, 0.24899E-04 , -0.42584E-06 , 

' -0.22448E-04 , 0.30961E-06 , 

, -0.15275E-05 , -0.27676E-09 , 


, -0.42271E-03 , 0.77631E-05 , 

, -0 . 37647E-04 , 0.67108E-06 , 

, -0.29626E-04 , 0.11670E-05 

, -0.22234E-04 , -0.50394E-06 , 
' 0.43102E-05 , 0.18689E-06 , 

, 0.46844E-04 , -0.21966E-05 , 

, -0 . 47488E-03 , 0.87211E-05 

, -0.42293E-04 , 0.75389E-06 , 

, -0 . 33282E-04 , 0.13111E-05 , 

, -0.24978E-04 , -0.56613E-06 , 

, 0. 48421E-05 , 0.20996E-06 , 

, 0 . 52625E-04 , -0.24677E-05 , 

, -0 . 54273E-03 , 0.99672E-05 

, -0.48335E-04 , 0.86161E-06 

, -0.38037E-04 , 0.14984E-05 

, -0.28547E-04 , -0.64701E-06 
, 0 . 55339E-05 , 0.23996E-06 , 

, 0 . 60144E-04 , -0.28202E-05 , 

, -0 . 56533E-03 , 0.10382E-04 

, -0.50348E-04 , 0.89750E-06 

' -0.39621E-04 , 0.15608E-05 , 

, -0.29736E-04 , -0.67396E-06 
, 0 . 57644E-05 , 0.24995E-06 , 

, 0.62649E-04 , -0.29377E-05 , 

, -0.41610E-03 , 0.76416E-05 , 

, -0.37058E-04 , 0.66058E-06 , 

, -0.29162E-04 , 0.11488E-05 

, -0.21886E-04 , -0.49605E-06 
' 0.42428E-05 , 0.18397E-06 , 

' 0 . 46112E-04 , -0.21622E-05 , 

, -0 . 30071E-03 , 0 . 43456E-05 , 

, -0 . 95215E-05 , -0.34829E-06 , 

, -0 . 24563E-04 , 0.13037E-05 , 

, -0 . 16330E-04 , -0.85662E-06 , 

, -0.22943E-05 , 0.76545E-06 , 

' 0.39335E-04 , -0.22297E-05 , 

, -0.22374E-03 , 0.21467E-05 , 

, 0.88480E-05 , -0.10213E-05 

, -0.21495E-04 , 0.14071E-05 , 
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-0 . 15775E-03 , 
-0 . 69830E-03 , 
-0 . 11553E-01 , 

1.60, 

-0 . 24822E-01 , 
0 . 68889E-02 , 
0.80577E-02 , 
-0.20046E-02 , 
0 . 92568E-03 , 
-0 . 96708E-02 , 


0 . 68797E-03 , 
-0 . 20301E-03 , 
0 . 25457E-03 , 

0 . 97484E-03 , 
-0 . 98031E-03 , 
-0 . 41498E-03 , 
0.38773E-03 , 
-0.24870E-03 , 
0 . 48576E-03 , 


-0 . 12624E-04 , -C 
-0 . 66552E-05 , C 
0 . 34814E-04 , -t 

0 . 84065E-04 , -< 
0 . 82302E-04 , -< 
-0 . 92260E-05 , < 

0.21971E-05 , -l 
-0.24093E-04 , ' 

0.16736E-04 , - 


2 . 00 , 

-0 . 11039E-01 
0 . 52112E-02 
0 . 43643E-02 
0 . 20065E-02 
-0 . 30020E-02 
-0 . 45869E-02 


, 0 . 34715E-03 , 
, -0.58723E-03 , 
, -0 . 22023E-03 , 
, -0 . 68857E-03 , 
, 0.46027E-03 , 
, 0.86918E-04 , 


0.91898E-04 , - 
-0.13628E-05 , 

-0 . 30406E-05 , 
0.70836E-04 , - 

-0.24056E-04 , 

0 . 12015E-04 , - 


2.50, 

-0 . 75665E-02 
0 . 40866E-02 
0. 31746E-02 
0 . 39585E-02 
-0 . 41956E-02 
-0 . 24588E-02 


, -0.49933E-03 , 
, -0.65369E-03 , 
, -0.18131E-03 , 
, -0 . 67987E-03 , 
, 0 . 61823E-03 , 
, 0 . 13180E-03 , 


0 . 69338E-04 , 
0.32617E-04 , 
0.33111E-05 , 
0 . 55396E-04 , 
-0 . 33041E-04 , 
-0.28649E-05 , 


-0 . 76107E-02 , 0 . 53558E-03 , 

0 . 32955E-02 , -0.58788E-03 , 
0 . 30609E-02 , -0 . 26411E-03 , 
0 . 32630E-02 , -0.30793E-03 , 
-0 . 44014E-02 , 0.46134E-03 , 

-0 . 18999E-02 , 0.14813E-03 , 


0 . 53360E-06 , 
0.36042E-04 , 
0 . 99068E-05 , 
0.10868E-04 , 
-0.16212E-04 , 
-0.61746E-05 , 


3.50, 

-0 . 54490E-02 , 
0.29919E-02 , 
0 . 27758E-02 , 
0 . 29964E-02 , 
-0.39794E-02 , 
-0 . 15521E-02 , 


0.25225E-03 , 
-0.47213E-03 , 
-0.21195E-03 , 
-0 . 33141E-03 , 
0 . 42296E-03 , 
0 . 10493E-03 , 


0.91493E-05 , 
0.27119E-04 , 
0 . 69402E-05 , 
0 . 12337E-04 , 
-0.15277E-04 , 
-0 . 35088E-05 , 


4.00, 

-0.55987E-02 , 
0 . 31048E-02 , 
0 . 24567E-02 , 
0 . 27830E-02 , 
-0 . 34966E-02 , 
-0 . 13156E-02 , 


0 . 59694E-03 , 
-0.40791E-03 , 
-0 . 16487E-03 , 
-0 . 35327E-03 , 
0.39936E-03 , 
0 . 72545E-04 , 


-0 . 19037E-04 , 
0 . 19192E-04 , 
0.45268E-05 , 
0.17785E-04 , 
-0 . 16034E-04 , 
-0.10911E-05 , 


-15.0, 

0.30, 

-0 . 51467E-01 , 
0 . 27959E-02 , 
0.H831E-01 , 
-0.54650E-02 , 
0 . 35236E-03 , 
-0 . 97916E-02 , 


0 . 51527E-02 , 
-0 . 34519E-03 , 
-0.17213E-03 , 
0.21492E-02 , 
-0 . 35248E-03 , 
0 . 15113E-02 , 


-0 . 34158E-03 , 
-0 . 39727E-05 , 
-0.24608E-05 , 
-0 . 11768E-03 , 
0 . 16846E-04 , 
-0.89653E-04 , 


0.60, 

-0 . 57819E-01 , 
0 . 31409E-02 , 
0 . 13291E-01 , 
-0 . 61394E-02 , 


0 . 57886E-02 , -0.38373E-03 
-0.38779E-03 , -0.44629E-05 
-0 . 19337E-03 , -0.27645E-05 
0 . 24144E-02 , -0.13220E-03 


i . 10972E-05 , 

1 . 11534E-05 , 

I . 22747E-05 , 

) . 66457E-05 , 

) . 37125E-05 , 

J. 18205E-05 , 
5.20590E-05 , 

0 . 27045E-05 , 
0.24546E-05 , 

0 . 47947E-05 , 
0.10311E-05 , 

0 . 44171E-06 , 
0.25198E-05 , 
0.56923E-06 , 
0.57633E-06 , 

•0 . 15131E-05 , 

■0 . 45031E-06 , 

0 . 28009E-07 , 

-0 . 15930E-05 , 
0.66440E-06 , 
-0 . 25559E-07 , 

-0 . 4117 4E-06 , 
-0.72842E-06 , 
-0 . 90726E-07 , 
-0.12631E-06 , 
0.18864E-06 , 

0 . 97165E-07 , 

-0 . 44867E-06 , 
-0 . 55785E-06 , 
-0.46593E-07 , 
-0 . 14259E-06 , 
0.18667E-06 , 
0.51014E-07 , 

0 . 23947E-06 , 
-0 . 26632E-06 , 
-0 . 18839E-07 , 
-0 . 30417E-06 , 
0 . 22115E-06 , 
-0 . 19770E-09 , 


0.65331E-05 , 
-0 . 17002E-06 , 
0 . 28652E-06 , 
0.16627E-05 , 
-0 . 10143E-06 , 
0.11954E-05 , 

0 . 73393E-05 , 
-0 . 19100E-06 , 
0 . 32188E-06 , 
0.18679E-05 , 
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0 . 39504E-O3 , 
-0.11000E-01 , 

0.80, 

-0.66080E-01 , 
0.35897E-02 , 
0.15190E-01 , 
-0.70166E-02 , 
0.45240E-03 , 
-0.12572E-01 , 

0.90, 


-0.39598E-03 , 
0.16978E-02 , 

0.66157E-02 , 
-0.44319E-03 , 
-0.22100E-03 , 
0 . 27594E-02 , 
-0.45256E-03 , 
0.19404E-02 , 


0 . 18925E-04 
-0 . 10072E-03 

-0.43856E-03 
-0.51006E-05 
-0.31595E-05 
-0.15109E-03 
0 .21629E-04 
-0.11511E-03 


-0.68832E-01 , 
0.37392E-02 , 
0.15822E-01 , 
-0.73088E-02 , 
0.47125E-03 , 
-0.13095E-01 , 

0.95, 


0.68912E-02 , 
-0.46165E-03 , 
-0.23021E-03 , 
0.28743E-02 , 
-0.47141E-03 , 
0.20212E-02 , 


-0.45682E-03 , 
-0.53130E-05 , 
-0.32911E-05 , 
-0.15739E-03 , 
0.22530E-04 , 
-0.11990E-03 , 


-0.50662E-01 , 
0 . 27521E-02 , 
0.11646E-01 , 
-0.53795E-02 , 
0 . 34685E-03 , 
-0 . 96384E-02 , 

1 . 10 , 


0.50721E-02 , 
-0.33979E-03 , 
-0 . 16944E-03 , 
0.21156E-02 , 
-0.34697E-03 , 
0.14876E-02 , 


-0.33623E-03 , 
-0.39105E-05 , 
-0.24223E-05 , 
-0.11584E-03 , 
0.16583E-04 , 
-0.88251E-04 , 


-0.41708E-01 , 
0.29590E-02 , 
0.99310E-02 , 
-0.43327E-02 , 
0 . 32076E-03 , 
-0.84922E-02 , 

1 . 20 , 


0 . 38938E-02 , 
-0.31976E-03 , 
-0.15804E-03 , 
0 . 16675E-02 , 
-0.30611E-03 , 
0.12063E-02 , 


-0.24010E-03 , 
-0.42816E-05 , 
-0 . 45030E-05 , 
-0.85965E-04 , 
0.10922E-04 , 
-0.70588E-04 , 


-0.35735E-01 , 
0.30971E-02 , 
0 . 87871E-02 , 
-0.36343E-02 , 
0.30336E-03 , 
-0.77277E-02 , 

1.60, 


0.31077E-02 , 
-0.30640E-03 , 
-0 . 15044E-03 , 
0.13686E-02 , 
-0.27885E-03 , 
0 . 10186E-02 , 


-0.17597E-03 , 
-0.45291E-05 , 
-0.58910E-05 , 
-0.66035E-04 , 
0.71464E-05 , 
-0.58805E-04 , 


-0.11849E-01 , 
0.36490E-02 , 
0. 42131E-02 , 
-0.84195E-03 , 
0.23378E-03 , 
-0.46703E-02 , 

2 . 00 , 


-0 . 35551E-04 , 
-0.25299E-03 , 
-0.12005E-03 , 
0.17330E-03 , 
-0.16985E-03 , 
0.26807E-03 , 


0.80480E-04 , - 
-0.55188E-05 , 
-0.11441E-04 , 
0.13659E-04 , - 
-0.79524E-05 , 
-0.11690E-04 , - 


-0.25822E-02 , 
0.31646E-02 , 
0.20480E-02 , 
0.30048E-03 , 
-0.13982E-02 , 
-0.24737E-02 , 

2.50, 

-0.38764E-02 , 
0.27617E-02 , 
0.14549E-02 , 
0 . 23038E-02 , 
-0 . 13986E-02 , 
-0.12665E-02 , 


0.40105E-03 , 
-0.24988E-03 , 
-0.16439E-03 , 
-0.48644E-03 , 
0 . 34005E-03 , 
0.21928E-04 , 

-0.18548E-04 , 
-0.40062E-03 , 
-0.15343E-03 , 
-0.30964E-03 , 
0.31515E-03 , 
0.86581E-04 , 


0.19905E-04 , - 
-0.84365E-05 , i 
0 . 60579E-05 , -i 
0.64555E-04 , -< 
-0.22766E-04 , ( 

0.11043E-04 , -( 

0.66212E-04 , -C 
0.42031E-04 , -0 
0.45005E-05 , 0 

0.31028E-04 , -0 
-0.26435E-04 , 0 

0 . 58071E-06 , -0 


, -0 . 11395E-06 , 
, 0.13429E-05 , 

r 0.83880E-05 , 
, -0.21829E-06 , 
r 0 . 36787E-06 , 
r 0.21348E-05 , 
r -0.13023E-06 , 

• 0.15347E-05 , 

0.87373E-05 , 
-0 . 22738E-06 , 
0.38319E-06 , 
0.22237E-05 , 
-0.13565E-06 , 
0.15987E-05 , 

0 . 64309E-05 , 
-0 . 16736E-06 , 

0 . 28204E-06 , 

0 . 16367E-05 , 
-0.99843E-07 , 
0.11767E-05 , 

0 . 40609E-05 , 
-0.54487E-07 , 
0.43694E-06 , 

0 . 82656E-06 , 

0 . 24633E-06 , 
0.86995E-06 , 

0.24799E-05 , 
0.20807E-07 , 
0.54028E-06 , 

0 . 28611E-06 , 

0 . 47726E-06 , 
0.66535E-06 , 

0.38422E-05 , 
0.32189E-06 , 

0 . 95348E-06 , 
0.18750E-05 , 

0 . 14007E-05 , 
0.15278E-06 , 

0 • 16881E-05 , 

3 . 10462E-05 , 
3.25090E-07 , 

) . 22649E-05 , 

) . 54172E-06 , 
I.45927E-06 , 

I.26379E-05 , 

. 12435E-05 , 
•43206E-07 , 

. 96644E-06 , 

. 71906E-06 , 

. 18005E-06 , 
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-0.31445E-02 , 0.24328E-03 

0 . 11485E-02 , -0 . 25321E-03 
0 . 13615E-02 , -0 . 12473E-03 
0 . 95085E-03 , -0.50988E-04 
-0 . 18568E-02 , 0.19299E-03 

-0 . 10590E-02 , 0 . 96402E-04 

3.50, 

-0 . 24413E-02 , 0.24300E-03 

0 . 95718E-03 , -0.13543E-03 
0 . 12460E-02 , -0.10584E-03 
0 . 91684E-03 , -0.78814E-04 
-0 . 14622E-02 , 0.14759E-03 

-0 . 85556E-03 , 0.64679E-04 

4.00, 

-0 . 24461E-02 , 0.36288E-03 

0.10623E-02 , -0 . 17115E-03 
0 . 10464E-02 , -0 . 80676E-04 
0 . 89831E-03 , -0.98576E-04 
-0 . 11847E-02 , 0 . 13495E-03 

-0.73679E-03 , 0.55242E-04 

0.0, 

0-3°' 

0 . OOOOOE+OO , 0 . OOOOOE+OO 

0 . 00000E+00 , 0. 00000E+00 

0. 00000E+00 , 0. 00000E+00 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0-60, 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0-8°' 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0.90, 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0.95, 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

1.10, 


, -0.16826E-05 , -0.15769E-06 , 

, 0.16272E-04 , -0.35015E-06 , 

, 0 . 55145E-05 , -0.57389E-07 , 

, 0 . 89390E-06 , 0.19767E-08 , 

, -0 . 75195E-05 , 0.10163E-06 , 

, -0.41222E-05 , 0.63835E-07 , 

, -0 . 11197E-04 , 0 . 17090E-06 , 

, 0 . 34629E-05 , -0.19309E-07 , 

, 0 . 47568E-05 , -0.56863E-07 , 

, 0.27947E-05 , -0.30737E-07 , 

, -0.56149E-05 , 0.76099E-07 , 

, -0 . 19028E-05 , 0 . 19326E-07 , 

, -0.21290E-04 , 0 . 42721E-06 , 

, 0 . 60147E-05 , -0.45677E-07 , 

, 0 . 36210E-05 , -0 . 41361E-07 , 

, 0 . 54732E-05 , -0.10326E-06 , 

, -0 . 59089E-05 , 0.91918E-07 , 

, -0 . 14643E-05 , 0.12535E-07 , 


, 0. OOOOOE+OO , 0. OOOOOE+OO , 

\ 0. OOOOOE+OO , 0. OOOOOE+OO , 

, 0. OOOOOE+OO , 0. OOOOOE+OO , 

, 0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

, 0. OOOOOE+OO , 0. OOOOOE+OO , 

, 0. OOOOOE+OO , 0. OOOOOE+OO , 

\ 0. OOOOOE+OO , 0. OOOOOE+OO , 

\ 0. OOOOOE+OO , 0. OOOOOE+OO , 

, 0. OOOOOE+OO , 0. OOOOOE+OO , 

, o. OOOOOE+OO , 0. OOOOOE+OO , 
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0 . 00000E+00 , 0 . OOOOOE+OO , 0.00000E+00 

0 . 00000E+00 , 0. 00000E+00 , 0. 00000E+00 ' 
0. 00000E+00 , 0. 00000E+00 , 0. OOOOOE+OO ' 
0. 00000E+00 , 0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO , 0. OOOOOE+OO \ 


0. OOOOOE+OO , 0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO , 0. OOOOOE+OO 

O.OOOOOE+OO , 0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , O.OOOOOE+OO , O.OOOOOE+OO 
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-0 . 24014E-06 , 
0.52152E-06 , 

-0 . 27902E-05 , 

0 . 17254E-05 , 
0.12376E-06 , 
-0 . 13267E-05 , 
-0 . 19416E-06 , 
0.55936E-07 , 

-0 . 11492E-05 , 

0 . 53028E-06 , 

0 . 24167E-06 , 
-0 . 96517E-06 , 
0.20263E-06 , 
-0 . 12030E-06 , 

-0 . 56757E-06 , 
-0.30253E-06 , 
0.47897E-07 , 
0 . 35197E-07 , 
-0 . 84223E-07 , 
-0.12672E-07 , 

-0 . 27373E-06 , 
-0.47982E-07 , 
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-0.16973E-02 , -0.26902E-04 
-0 . 14112E-04 , 0.16037E-04 

-0.62243E-03 , -0.32815E-04 
0.12032E-02 , 0 . 26550E-04 

4.00, 

0.37366E-02 , 0.63974E-04 

0 . 12674E-02 , 0.49166E-04 

-0.15127E-02 , -0 . 73485E-06 
0 . 16182E-03 , 0 . 81133E-06 

-0.47958E-03 , -0.22109E-04 
0.10237E-02 , 0.29205E-04 

30.0, 

0.30, 

0 . 22251E-01 , 0 . 44399E-02 

0 . 94981E-02 , 0.70430E-03 

-0 . 86708E-02 , -0.47247E-03 
0 . 70637E-02 , 0.11628E-02 

-0.55153E-02 , 0.13920E-05 

0 . 94307E-02 , 0.95405E-03 

0.60, 

0.26405E-01 , 0.52687E-02 

0.11271E-01 , 0 . 83577E-03 

-0.10289E-01 , -0 . 56067E-03 
0 . 83823E-02 , 0.13798E-02 

-0.65448E-02 , 0.16518E-05 

0 . 11191E-01 , 0 . 11321E-02 

0.80, 

0.28805E-01 , 0.57477E-02 

0 . 12296E-01 , 0.91175E-03 

-0 . 11225E-01 , -0. 61164E-03 
0.91443E-02 , 0.15053E-02 

-0.71398E-02 , 0.18020E-05 

0 . 12209E-01 , 0 . 12351E-02 

0.90, 

0 . 31206E-01 , 0 . 62266E-02 

0.13320E-01 , 0.98773E-03 

-0.12160E-01 , -0.66261E-03 
0 . 99063E-02 , 0.16307E-02 

-0.77348E-02 , 0.19522E-05 

0 . 13226E-01 , 0 . 13380E-02 

0.95, 


0.34806E-01 , 

0. 69451E-02 

0 . 14857E-01 , 

0 . 11017E-02 

-0 . 13563E-01 , 

-0.73906E-03 

0 . 11049E-01 , 

0. 18189E-02 

-0.86273E-02 , 

0.21774E-05 

0 . 14752E-01 , 

0. 14924E-02 

f 

0 . 31321E-01 , 

0.53355E-02 

0.14939E-01 , 

0 . 11995E-02 

-0.12416E-01 , 

-0.59356E-03 

0.86426E-02 , 

0. 14482E-02 

-0.76439E-02 , 

-0.45487E-05 

0 . 12584E-01 , 

0 . 11736E-02 

r 

0.28996E-01 , 

0. 42617E-02 

0 . 14994E-01 , 

0 . 12648E-02 

-0.11650E-01 , 

-0.49650E-03 


, -0 . 55446E-05 , 0.89669E-07 , 

' -0.13390E-05 , 0 . 42099E-07 , 

, 0.10570E-07 , -0.21680E-07 

, 0.37435E-05 , -0.53979E-07 , 

' 0 . 98744E-05 , -0.19059E-06 , 

, 0 . 13262E-04 , -0.41384E-07 

' -0.79432E-05 , 0.11848E-06 , 

, -0.59660E-06 , 0.24925E-07 

, -0.10978E-05 , -0 . 39269E-08 
, 0.38909E-05 , -0.47382E-07 , 


-0.36160E-03 , 0 . 77367E-05 , 

0 . 30714E-04 , -0 . 14665E-05 
0 . 29817E-04 , -0.58350E-06 , 
-0.10844E-03 , 0 . 21837E-05 , 

0. 15950E-04 , -0.38071E-06 , 
-0.65878E-04 , 0.11172E-05 , 

-0 . 42910E-03 , 0.91809E-05 , 

0.36448E-04 , -0.17403E-05 , 
0 . 35383E-04 , -0.69242E-06 , 
-0.12868E-03 , 0.25914E-05 

, 0 . 18927E-04 , -0.45178E-06 , 

, -0.78175E-04 , 0.13258E-05 , 

' -0.46811E-03 , 0 . 10016E-04 , 

, 0 . 39761E-04 , -0.18985E-05 , 

, 0, 38600E-04 , -0.75537E-06 , 

, -0.14038E-03 , 0.28269E-05 

, 0.20648E-04 , -0.49285E-06 

, -0 . 85282E-04 , 0.14463E-05 , 

' -0 . 50712E-03 , 0.10850E-04 

, 0 . 43074E-04 , -0.20567E-05 , 

, 0.41816E-04 , -0.81832E-06 , 

, -0.15208E-03 , 0 . 30625E-05 , 

, 0 . 22369E-04 , -0.53392E-06 

, -0.92389E-04 , 0.15668E-05 , 

-0 . 56564E-03 , 0.12102E-04 , 

0.48045E-04 , -0.22940E-05 , 
0.46641E-04 , -0.91274E-06 , 
-0 . 16962E-03 , 0.34159E-05 , 

0.24950E-04 , -0.59553E-06 , 

-0 . 10305E-03 , 0.17476E-05 , 

, -0.41864E-03 , 0.83189E-05 , 

' 0 . 14996E-05 , -0.55320E-06 , 

, 0.32216E-04 , -0.54453E-06 , 

, -0.13268E-03 , 0.27961E-05 , 

, 0.17129E-04 , -0 . 49667E-06 , 

, -0.81592E-04 , 0.15282E-05 , 

, -0.32059E-03 , 0.57951E-05 , 

, -0 . 29551E-04 , 0.60811E-06 , 

, 0.22593E-04 , -0.29890E-06 , 
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0 . 70371E-02 , 0 . 12010E-02 , 

-0.69879E-02 , -0.90358E-05 , 

0 . 11137E-01 , 0 . 96099E-03 , 

1 ' 60 ' 0 . 19698E-01 , -0 . 32015E-04 , 
0 . 15211E-01 , 0 . 15258E-02 , 

-0 . 85894E-02 , -0.10836E-03 f 
0 . 61705E-03 , 0.21229E-03 , 

-0 . 43648E-02 , -0.26978E-04 , 
0 . 53524E-02 , 0.11072E-03 , 

2 * 00, 0 . 18808E-01 , 0.54574E-03 , 

0 . 12251E-01 , 0.89933E-03 , 

-0 . 73197E-02 , -0.13207E-03 , 
0 . 33065E-03 , -0.18627E-03 , 
-0 . 35249E-02 , -0.74290E-04 , 
0 . 44178E-02 , 0.50094E-04 , 


-0.10803E-03 , 0 . 23826E-05 , 

0 . 11913E-04 , -0.43072E-06 , 
-0 . 67278E-04 , 0.13819E-05 , 

0.71525E-04 , -0.42966E-05 f 
-0 . 15371E-03 , 0 . 52519E-05 , 

-0 . 15888E-04 , 0.68331E-06 , 

-0.94769E-05 , 0.72933E-06 , 

-0.89482E-05 , -0.16702E-06 , 
-0.10040E-04 , 0.79661E-06 , 

-0 . 21571E-04 , -0.40469E-06 , 
-0 . 89467E-04 , 0.37122E-05 , 

0.48084E-05 , -0.24109E-06 , 
0 . 47458E-04 , -0.18590E-05 , 
0 . 74994E-05 , -0.45580E-06 , 
0 . 95514E-06 , 0.95595E-07 , 


2 50 

0 . 12755E-01 , -0 . 47305E-03 , 

0 . 10635E-01 , 0.41097E-03 , 

-0 . 63068E-02 , -0.63492E-04 r 
0.11517E-02 r -0.12485E-03 , 

-0 . 23930E-02 , 0.18751E-04 , 

0 . 40678E-02 , 0.86274E-04 , 

3 ‘° 0 ' 0 . 10804E-01 , -0.12143E-03 , 

0 . 58745E-02 , 0.21103E-03 , 

-0 . 50591E-02 , -0 . 58954E-04 , 

0 . 15267E-03 , 0.29711E-04 , 

-0.24712E-02 , -0 . 44214E-04 , 

0 . 32094E-02 , 0.6065SE-04 , 

3 . 50 

0 . 98493E-02 , 0.99384E-04 , 

0 . 45952E-02 , 0.23942E-03 , 

-0 . 42817E-02 , -0.60587E-04 , 

0 . 20676E-03 , 0.53793E-04 , 

-0 . 20191E-02 , -0.44527E-04 , 

0 . 28209E-02 , 0.59875E-04 , 

4 00/ 0 . 83719E-02 , 0.28164E-03 , 

0 . 42850E-02 , 0.13376E-03 , 

-0 . 37826E-02 , -0.41095E-04 , 

0 . 32371E-03 , -0.18071E-04 , 
-0.16435E-02 , -0.36701E-04 , 

0 . 25039E-02 , 0.62613E-04 , 

45.0, 

0.30, 

0 . 29416E-01 , 0.13283E-01 , 

0 . 20327E-01 , 0.21376E-02 , 

-0.14813E-01 , -0.65267E-03 , 
0.12242E-01 , 0.17488E-03 , 

-0 . 92672E-02 , 0.31784E-03 , 

0 . 14092E-01 , 0.23079E-03 , 

°‘ 60 ' o . 34907E-01 , 0 . 15763E-01 , 

0.24121E-01 , 0.25366E-02 , 

-0 . 17579E-01 , -0.77451E-03 , 
0 . 14527E-01 , 0 . 20753E-03 , 


0 . 11089E-03 , -0 . 33791E-05 , 
0.77263E-06 , 0.30645E-06 , 

-0 . 83337E-05 , 0.19481E-06 , 

0.22102E-04 , -0.74424E-06 , 
-0.97268E-05 , 0.17608E-06 , 

-0.19586E-05 , 0.68056E-07 , 

0 . 35324E-04 , -0 . 94190E-06 , 
0.26481E-04 , -0.38742E-06 , 
-0.76807E-05 , 0.97174E-07 , 

-0 . 13111E-05 , 0 . 93271E-07 , 

-0 . 13193E-05 , -0 . 78554E-07 , 

0 . 35382E-05 , 0.14775E-07 , 

0 . 15963E-04 , -0.51670E-06 , 
0.26738E-04 , -0.35833E-06 , 
-0.11734E-04 , 0.18015E-06 , 

-0 . 52297E-05 , 0.18060E-06 , 

-0 . 24900E-05 , -0.42112E-07 , 
0.57868E-05 , -0.42597E-07 , 

0 . 85813E-05 , -0.23797E-06 , 
0 . 34985E-04 , -0.34278E-06 , 
-0.16179E-04 , 0.25925E-06 , 

0 . 64712E-06 , 0.40258E-07 , 

-0.44813E-05 , 0.43358E-08 , 

0.75015E-05 , -0.79303E-07 , 


-0.10813E-02 , 0 . 22239E-04 , 

-0.72343E-04 , 0.66600E-06 , 

0.42581E-04 , -0.69008E-06 , 

0 . 76254E-05 , -0.12653E-05 , 
-0 . 16634E-04 , 0.59047E-06 , 

0 . 13644E-04 , -0.94755E-06 , 

-0.12831E-02 , 0.26391E-04 , 

-0 . 85847E-04 , 0.79033E-06 , 

0 . 50529E-04 , -0.81890E-06 , 
0.90489E-05 , -0 . 15015E-05 , 
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-0 . 10997E-01 , 0 . 37717E-03 

0 . 16722E-01 , 0.27387E-03 

0.80, 

0 . 38080E-01 , 0.17195E-01 

0.26314E-01 , 0 . 27672E-02 
-0.19177E-01 , -0.84492E-03 
0 . 15848E-01 , 0.22640E-03 

-0.11997E-01 , 0.41146E-03 

0 . 18242E-01 , 0.29876E-03 

0.90, 

0 . 41254E-01 , 0 . 18628E-01 

0.28507E-01 , 0.29978E-02 

-0.20775E-01 , -0.91533E-03 
0 . 17169E-01 , 0.24526E-03 

-0.12997E-01 , 0.44575E-03 

0 . 19763E-01 , 0 . 32366E-03 

0.95, 

0 . 46014E-01 , 0 . 20778E-01 

0.31796E-01 , 0 . 33437E-02 

-0.23172E-01 , -0 . 10209E-02 
0 . 19150E-01 , 0.27356E-03 

-0.14496E-01 , 0 . 49718E-03 

0 . 22043E-01 , 0 . 36101E-03 

1 .10, 

0.42215E-01 , 0.15973E-01 

0.29725E-01 , 0.31003E-02 

-0.20798E-01 , -0 . 82291E-03 
0 . 14945E-01 , 0 . 28391E-03 

-0.12662E-01 , 0 . 37315E-03 

0 . 18810E-01 , 0 . 31604E-03 

1.20, 

0.39681E-01 , 0.12768E-01 

0 . 28343E-01 , 0.29379E-02 

-0.19215E-01 , -0.69080E-03 
0 . 12141E-01 , 0.29082E-03 

-0.11439E-01 , 0.29040E-03 

0 . 16653E-01 , 0 . 28604E-03 

1 . 60, 

0 . 29547E-01 , -0.48022E-04 
0 . 22817E-01 , 0 . 22887E-02 

-0 . 12884E-01 , -0 . 16254E-03 
0.92558E-03 , 0.31843E-03 

-0.65472E-02 , -0.40467E-04 
0.80285E-02 , 0.16608E-03 

2.00, 

0 . 28211E-01 , 0 . 81861E-03 

0 . 18377E-01 , 0 . 134 90E-02 

-0.10980E-01 , -0.19810E-03 
0 . 49598E-03 , -0.27941E-03 
-0 . 52874E-02 , -0.11143E-03 
0 . 66267E-02 , 0.75141E-04 

2.50, 

0 . 19132E-01 , -0.70958E-03 
0.15952E-01 , 0.61645E-03 

-0.94603E-02 , -0.95237E-04 
0.17276E-02 , -0.18727E-03 
-0.35895E-02 , 0.28126E-04 

0 . 61017E-02 , 0 . 12941E-03 


, -0.19739E-04 , 0.70069E-06 , 

, 0 . 16191E-04 , -0 . 11244E-05 , 

• -0.13998E-02 , 0.28790E-04 

, -0.93651E-04 , 0.86217E-06 , 

, 0.55123E-04 , -0.89335E-06 , 

, 0.98715E-05 , -0.16380E-05 , 

, -0.21533E-04 , 0.76439E-06 , 

, 0 . 17663E-04 , -0.12267E-05 , 

, -0.15164E-02 , 0.31189E-04 , 

, -0 . 10146E-03 , 0.93402E-06 , 

, 0 . 59717E-04 , -0.96779E-06 , 

, 0 . 10694E-04 , -0.17746E-05 

, -0.23328E-04 , 0.82809E-06 

, 0.19135E-04 , -0 . 13289E-05 , 

, -0. 16914E-02 , 0 . 34788E-04 , 

, -0.11316E-03 , 0 . 10418E-05 , 

, 0.66607E-04 , -0 . 10795E-05 

, 0.11928E-04 , -0 . 19793E-05 

, -0.26020E-04 , 0.92364E-06 

, 0.21343E-04 , -0.14822E-05 , 

, -0.12764E-02 , 0.25276E-04 , 

, -0.14025E-03 , 0.26189E-05 , 

, 0.45743E-04 , -0.59397E-06 , 

, 0 . 58968E-05 , -0.12703E-05 , 

, -0.23113E-04 , 0.65276E-06 , 

, 0. 12945E-04 , -0.86460E-06 , 

, -0 . 99963E-03 , 0.18930E-04 , 

, -0 . 15832E-03 , 0.36709E-05 , 

, 0 . 31824E-04 , -0.27010E-06 

, 0 . 18733E-05 , -0.79732E-06 , 

, -0 . 21175E-04 , 0 . 47205E-06 , 

, 0.73423E-05 , -0.45259E-06 , 

, 0 . 10729E-03 , -0 . 64449E-05 

, -0.23057E-03 , 0.78778E-05 

, -0.23832E-04 , 0.10250E-05 , 

, -0 . 14215E-04 , 0 . 10940E-05 

, -0.13422E-04 , -0.25053E-06 , 

, -0 . 15060E-04 , 0 . 11949E-05 , 

, -0.32357E-04 , -0.60703E-06 , 

, -0.13420E-03 , 0 . 55684E-05 

, 0.72126E-05 , -0.36163E-06 , 

, 0.71187E-04 , -0.27885E-05 , 

, 0.11249E-04 , -0 . 68370E-06 , 

, 0 . 14327E-05 , 0.14339E-06 , 

, 0 . 16633E-03 , -0.50686E-05 , 

, 0.11589E-05 , 0 . 45967E-06 , 

, -0.12500E-04 , 0 . 29222E-06 , 

, 0.33153E-04 , -0.11164E-05 , 

, -0.14590E-04 , 0 . 26412E-06 , 

, -0.29380E-05 , 0.10208E-06 , 
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3-00, 

0.16206E-01 , -0 . 18214E-03 , 

0 . 88118E-02 , 0 . 31654E-03 , 

-0 . 75886E-02 , -0.88281E-04 , 

0 . 22900E-03 , 0 . 44567E-04 , 

-0 . 37068E-02 , -0 . 66320E-04 , 

0 . 48141E-02 , 0 . 90986E-04 , 

3-50, 

0 . 14774E-01 , 0 . 14908E-03 , 

0 . 68928E-02 , 0.35912E-03 , 

-0 . 64226E-02 , -0.90880E-04 , 

0 . 31014E-03 , 0 . 80689E-04 , 

-0 . 30287E-02 , -0.66791E-04 , 

0 . 42313E-02 , 0.89812E-04 , 

4.00, 

0 . 12558E-01 , 0 . 42245E-03 , 

0 . 64275E-02 , 0.20064E-03 , 

-0 . 56739E-02 , -0.61642E-04 , 
0.48556E-03 , -0.27107E-04 , 
-0 . 24653E-02 , -0.55051E-04 , 

0 . 37559E-02 , 0.93920E-04 , 

60.0, 

0.30, 

0 . 63779E-01 , 0.54896E-02 , 

0 . 28995E-01 , 0.21071E-02 , 

-0.19156E-01 , -0 . 34865E-03 , 

0 . 91905E-02 , -0 . 19226E-03 , 
-0 . 10212E-01 , 0 . 55057E-03 , 

0 . 13490E-01 , -0 . 48040E-03 , 

0.60, 

0 . 75685E-01 , 0.65144E-02 , 

0 . 34407E-01 , 0 . 25004E-02 , 

-0 . 22731E-01 , -0.41374E-03 , 
0.10906E-01 , -0 . 22815E-03 , 
-0 . 12118E-01 , 0 . 65334E-03 , 

0 . 16008E-01 , -0.57008E-03 , 

0.80, 

0 . 82566E-01 , 0 . 71066E-02 , 

0.37535E-01 , 0.27277E-02 , 

-0 . 24798E-01 , -0.45135E-03 , 
0 . 11898E-01 , -0 . 24889E-03 , 
-0 . 13220E-01 , 0 . 71274E-03 , 

0 . 17464E-01 , -0 . 62190E-03 , 

0-90, 

0 . 89446E-01 , 0.76988E-02 , 

0.40663E-01 , 0 . 29550E-02 , 

-0 . 26864E-01 , -0.48896E-03 , 
0 . 12889E-01 , -0 . 26963E-03 , 
-0 . 14322E-01 , 0 . 77213E-03 , 

0 . 18919E-01 , -0 . 67373E-03 , 

0-95, 

0 . 99767E-01 , 0.85871E-02 , 

0 . 45355E-01 , 0.32960E-02 , 

-0 . 29964E-01 , -0.54538E-03 , 
0 . 14376E-01 , -0 . 30074E-03 , 
-0 . 15974E-01 , 0 . 86123E-03 , 

0 . 21102E-01 , -0 . 75146E-03 , 

1.10, 


0 . 52986E-04 , -0.14129E-05 , 
0.39721E-04 , -0.58114E-06 , 
-0 . 11521E-04 , 0 . 14576E-06 , 

-0.19666E-05 , 0.13991E-06 , 

-0.19789E-05 , -0.11783E-06 , 
0.53073E-05 , 0.22163E-07 , 

0 . 23944E-04 , -0.77505E-06 , 
0.40107E-04 , -0 . 53749E-06 , 
-0.17602E-04 , 0 . 27023E-06 , 

-0 . 78445E-05 , 0.27089E-06 , 

-0 . 37350E-05 , -0.63168E-07 , 
0 . 86802E-05 , -0.63895E-07 , 

0 . 12872E-04 , -0.35695E-06 , 
0 . 52478E-04 , -0.51417E-06 , 
-0.24268E-04 , 0.38887E-06 , 

0 . 97069E-06 , 0.60388E-07 , 

-0 . 67219E-05 , 0 . 65037E-08 , 

0.11252E-04 , -0.11895E-06 , 


-0 . 46771E-03 , 0.90267E-05 , 

-0 . 56284E-04 , 0.16263E-06 , 

0.19633E-04 , -0.16309E-06 , 

0 . 49357E-04 , -0.19454E-05 , 
-0 . 41475E-04 , 0.11392E-05 , 

0 . 91564E-04 , -0.26051E-05 , 

-0 . 55502E-03 , 0.10712E-04 , 

-0 . 66791E-04 , 0.19299E-06 , 

0.23298E-04 , -0.19353E-06 , 

0 . 58571E-04 , -0.23085E-05 , 
-0 . 49217E-04 , 0.13519E-05 , 

0 . 10866E-03 , -0.30914E-05 , 

-0.60548E-03 , 0.11686E-04 , 

-0 . 72863E-04 , 0.21054E-06 , 

0.25416E-04 , -0.21112E-06 , 
0 . 63896E-04 , -0.25184E-05 , 
-0 . 53691E-04 , 0.14748E-05 , 

0 . 11853E-03 , -0 . 33724E-05 , 

-0 . 65593E-03 , 0.12659E-04 , 

-0 . 78935E-04 , 0.22808E-06 , 

0 . 27534E-04 , -0.22872E-06 , 
0 . 69220E-04 , -0.27283E-05 , 
-0 . 58166E-04 , 0.15977E-05 , 

0 . 12841E-03 , -0 . 36534E-05 , 

-0 . 73162E-03 , 0.14120E-04 , 

-0 . 88043E-04 , 0.25440E-06 , 

0 . 30711E-04 , -0 . 25511E-06 , 
0.77207E-04 , -0.30431E-05 , 
-0 . 64877E-04 , 0.17820E-05 , 

0 . 14323E-03 , -0.40750E-05 , 
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0.85587E-01 , 

0 . 65917E-02 

0 . 41715E-01 , 

0 . 32200E-02 

-0 . 26904E-01 , 

-0.46817E-03 

0.11336E-01 , 

-0.13613E-03 

-0 . 14247E-01 , 

0. 65044E-03 

0.18635E-01 , 

-0.52844E-03 

1.20, 

0 . 76127E-01 , 

0.52606E-02 

0.39287E-01 , 

0.31693E-02 

-0.24863E-01 , 

-0 . 41666E-03 

0.93086E-02 , 

-0.26326E-04 

-0.13095E-01 , 

0.50982E-03 

0 . 16989E-01 , 

-0.37965E-03 

1.60, 

0 . 38301E-01 , 

-0. 62250E-04 

0.29577E-01 , 

0.29667E-02 

-0.16701E-01 , 

-0.21070E-03 

0.11998E-02 , 

0 . 41277E-03 

-0.84869E-02 , 

-0.52456E-04 

0 . 10407E-01 , 

0 . 21528E-03 

S. 

o 

o 

CM 

0 . 36569E-01 , 

0 . 10611E-02 

0 . 23822E-01 , 

0 . 17487E-02 

-0.14232E-01 , 

-0.25679E-03 , 

0.64292E-03 , 

-0.36219E-03 , 

-0.68538E-02 , 

-0.14445E-03 , 

0.85899E-02 , 

0 . 97403E-04 , 

2.50, 

0 . 24800E-01 , 

-0.91980E-03 , 

0.20678E-01 , 

0.79909E-03 , 

-0.12263E-01 , 

-0.12345E-03 , 

0 . 22394E-02 , 

-0.24276E-03 , 

-0.46530E-02 , 

0 . 36459E-04 , 

0.79094E-02 , 

0 . 16775E-03 . 

3.00, 

0 . 21007E-01 , 

-0.23611E-03 , 

0 . 11422E-01 , 

0.41032E-03 , 

-0 . 98368E-02 , 

-0 . 11444E-03 , 

0 . 29685E-03 , 

0.57770E-04 , 

-0.48050E-02 , ■ 

-0.85969E-04 , 

0 . 62404E-02 , 

0 . 11794E-03 . 

3.50, 

0.19151E-01 , 

0 . 1 932 4 E- 03 , 

0.89349E-02 , 

0 . 46552E-03 , 

-0.83254E-02 , - 

-0 . 11781E-03 , 

0.40202E-03 , 

0.10459E-03 , 

-0.39260E-02 , - 

■0 . 86579E-04 , 

0 . 54849E-02 , 

0 . 11642E-03 . 

o 

o 

** 

0 . 16278E-01 , 

0 . 54761E-03 , 

0. 83317E-02 , 

0 . 26008E-03 , 

-0.73548E-02 , - 

•0 . 79904E-04 , 

0 . 62942E-03 , - 

0.35138E-04 , 

-0 . 31957E-02 , - 

0 . 71360E-04 , 

0.48686E-02 , 

0 . 12175E-03 , 


r -0.53075E-03 , 

0.89352E-05 

r -0 . 13668E-03 , 

0 . 25515E-05 

- 0.16499E-04 , 

0 . 11026E-06 

0 . 55144E-04 , 

-0.20139E-05 

-0 . 53924E-04 , 

0.12960E-05 

0 . 10568E-03 , 

-0.27775E-05 

-0.39675E-03 , 

0 . 54764E-05 

-0.16913E-03 , 

0 . 40840E-05 

0 . 70183E-05 , 

0. 35400E-06 

0.40426E-04 , 

-0 . 13273E-05 

-0.46617E-04 , 

0 . 97176E-06 

0 . 80635E-04 , 

-0.19120E-05 

0.13907E-03 , 

-0 . 83543E-05 

-0.29888E-03 , 

0.10212E-04 

-0.30893E-04 , 

0 . 13286E-05 ' 

-0.18427E-04 , 

0 . 14181E-05 , 

-0.17399E-04 , 

-0.32476E-06 , 

-0. 19522E-04 , 

0 . 15489E-05 , 

-0 . 41943E-04 , 

-0.78687E-06 , 

-0.17396E-03 , 

0 . 72181E-05 , 

0 . 93495E-05 , 

-0 . 46877E-06 , 

0.92277E-04 , 

-0 . 36147E-05 , 

0.14582E-04 , 

-0.88626E-06 , 

0.18572E-05 , 

0 . 18587E-06 , 

0 . 21561E-03 , 

-0.65703E-05 , 

0 . 15023E-05 , 

0 . 59585E-06 , 

-0.16204E-04 , 

0.37879E-06 , 

0 . 42975E-04 , 

-0.14471E-05 , 

-0.18913E-04 , 

0 . 34238E-06 , 

-0 . 38084E-05 , 

0 . 13233E-06 , 

0 . 68684E-04 , ■ 

-0 . 18314E-05 , 

0.51490E-04 , ■ 

-0 . 75331E-06 , 

-0 . 14934E-04 , 

0 . 18894E-06 , 

-0.25493E-05 , 

0 . 18136E-06 , 

-0.25652E-05 , - 

-0 . 15274E-06 , 

0 . 68797E-05 , 

0 . 28729E-07 , 


0 . 31038E-04 , -0 . 10047E-05 , 
0.51989E-04 , -0.69673E-06 , 
-0.22816E-04 , 0.35028E-06 , 

-0 . 10169E-04 , 0 . 35115E-06 , 

-0 . 48415E-05 , -0.81882E-07 , 
0 . 11252E-04 , -0 . 82825E-07 , 

0.16686E-04 , -0.46270E-06 , 
0.68025E-04 , -0 . 66651E-06 , 
-0.31458E-04 , 0.50408E-06 , 

0 . 12583E-05 , 0.78278E-07 , 

-0.87134E-05 , 0.84306E-08 , 

0.14586E-04 , -0.15420E-06 , 
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TABLE 


4 - AERO INCREMENTS DUE TO LEFT 
30.0, 

0.30, 

-0 . 52853E-01 , -0.18449E-03 , 
0 . 95642E-02 , -0.55718E-03 , 
0 . 22805E-01 , 0 . 29523E-04 , 

-0 . 40406E-01 , 0 . 19288E-03 , 

0 . 23496E-01 , -0 . 64421E-05 , 
-0 . 32213E-01 , 0 . 30037E-03 , 

0.60, 

-0 . 55962E-01 , -0.19534E-03 , 
0.10127E-01 , -0 . 58996E-03 , 
0 . 24146E-01 , 0 . 31260E-04 , 

-0 . 42783E-01 , 0.20423E-03 , 

0 . 24878E-01 , -0.68210E-05 , 
-0 . 34108E-01 , 0 . 31804E-03 , 


ELEVON DEFLECTION 


-0.70998E-04 , 0.41549E-05 , 

-0 . 65295E-04 , 0.21654E-05 , 

-0 . 14274E-04 , -0.11499E-06 , 
0 . 56247E-04 , -0.12859E-05 , 
-0 . 14548E-04 , 0.17997E-06 , 

0 . 12333E-04 , 0.16116E-06 , 

-0 . 75175E-04 , 0.43993E-05 , 

-0 . 69136E-04 , 0.22927E-05 , 

-0 . 15113E-04 , -0.12176E-06 , 
0 . 59555E-04 , -0.13615E-05 , 
-0 . 15404E-04 , 0 . 19055E-06 , 

0 . 13058E-04 , 0 . 17064E-06 , 


0.80, 

-0 . 65289E-01 , -0.22790E-03 , 

0 . 11815E-01 , -0 . 68829E-03 , 

0 . 28171E-01 , 0 . 36469E-04 , 

-0 . 49914E-01 , 0 . 23827E-03 , 

0 . 29025E-01 , -0.79577E-05 , 
-0 . 39793E-01 , 0 . 37105E-03 , 

0.90, 

-0 . 68398E-01 , -0.23875E-03 , 

0 . 12377E-01 , -0 . 72106E-03 , 

0 . 29512E-01 , 0 . 38206E-04 , 

-0 . 52291E-01 , 0 . 24961E-03 , 

0 . 30407E-01 , -0 . 83368E-05 , 
-0 . 41688E-01 , 0 . 38872E-03 , 

0.95, 

-0.54407E-01 , -0 . 18992E-03 , 

0 . 98455E-02 , -0.57357E-03 , 

0 . 23476E-01 , 0.30391E-04 , 

-0 . 41595E-01 , 0 . 19856E-03 , 

0 . 24187E-01 , -0 . 66316E-05 , 
-0.33161E-01 , 0 . 30921E-03 , 

1.10, 

-0 . 47770E-01 , -0 . 124 82E-04 , 

0 . 92737E-02 , -0.45916E-03 , 

0 . 20874E-01 , -0 . 79644E-04 , 
-0 . 36596E-01 , 0.25606E-03 , 

0 . 21075E-01 , 0 . 19601E-03 , 

-0 . 30093E-01 , 0 . 34596E-03 , 

1.20, 

-0 . 43343E-01 , 0 . 10588E-03 , 

0 . 88923E-02 , -0.38283E-03 , 
0 . 19138E-01 , -0 . 15305E-03 , 
-0 . 33262E-01 , 0.29443E-03 , 

0 . 18999E-01 , 0 . 33120E-03 , 

-0 . 28047E-01 , 0 . 37048E-03 , 

1.60, 

-0 . 25638E-01 , 0 . 57919E-03 , 

0 . 73670E-02 , -0.77631E-04 , 
0 . 12197E-01 , -0 . 44657E-03 , 
-0.19929E-01 , 0 . 44784E-03 , 

0.10696E-01 , 0 . 87176E-03 , 

-0 . 19864E-01 , 0 . 46852E-03 , 


-0 . 87704E-04 , 
-0 . 80659E-04 , 
-0 . 17632E-04 , 
0 . 69481E-04 , 
-0.17972E-04 , 
0 . 15235E-04 , 

0 . 51326E-05 , 
0 . 26748E-05 , 
-0 . 14205E-06 , 
-0 . 15884E-05 , 
0 . 22231E-06 , 
0.19908E-06 , 

-0 . 91880E-04 , 
-0 . 84500E-04 , 
-0.18472E-04 , 
0 . 72790E-04 , 
-0 . 18827E-04 , 
0 . 15960E-04 , 

0 . 53770E-05 , 
0 . 28022E-05 , 
-0 . 14882E-06 , 
-0 . 16641E-05 , 
0 . 23290E-06 , 
0 . 20856E-06 , 

-0 . 73086E-04 , 
-0 . 67216E-04 , 
-0 . 14694E-04 , 
0 . 57901E-04 , 
-0 . 14976E-04 , 
0 . 12696E-04 , 

0 . 42771E-05 , 
0 . 22290E-05 , 
-0.11838E-06 , 
-0 . 13237E-05 , 
0 . 18526E-06 , 
0 . 16590E-06 , 

0.49607E-05 , 
-0 . 61645E-04 , 
-0 . 31645E-04 , 
0 . 61356E-04 , 
-0 . 35649E-04 , 
0 . 35636E-04 , 

-0 . 38073E-06 , 
0 . 14226E-05 , 
0 . 12534E-05 , 
-0 . 18929E-05 , 
0 . 93348E-06 , 
-0 . 13944E-05 , 

0 . 57026E-04 , 

-0 . 34880E-05 , 


-0.57929E-04 , 0.88465E-06 , 

-0.42953E-04 , 0.21686E-05 , 

0 . 63660E-04 , -0.22727E-05 , 
-0 . 49439E-04 , 0.14326E-05 , 

0 . 50940E-04 , -0.24353E-05 , 

0 . 26522E-03 , -0.15913E-04 , 
-0 . 43071E-04 , -0 . 12665E-05 , 
-0 . 88171E-04 , 0 . 58280E-05 , 

0.72876E-04 , -0.37911E-05 , 
-0 . 10458E-03 , 0 . 34285E-05 , 

0 . 11214E-03 , -0 . 65974E-05 , 
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2.00, 

-0.13147E-01 , 0 . 59038E-03 , 0.50250E-04 , 

0.87545E-02 , -0.72754E-03 , -0.26316E-04 
0 . 74420E-O2 , -0.31089E-03 , -0.34050E-05 , 
-0 . 12949E-01 , 0.16497E-03 , 0.37729E-04 

0 . 73581E-02 , 0.10153E-03 , 0.20195E-05 

-0 . 12945E-01 , 0 . 46342E-03 , -0.23098E-05 , 

2.50, 

-0 . 86206E-02 , -0.79618E-03 , 0.91632E-04 , 

0 . 75844E-02 , -0.54020E-03 , -0.13319E-04 , 
0 . 61130E-02 , -0 . 14214E-03 , -0.85080E-05 , 
-0 . 89685E-02 , -0.16792E-03 , 0.61226E-04 , 

0 . 49668E-02 , 0.12718E-03 , -0.30112E-05 

-0.10274E-01 , 0.27799E-03 , 0.91035E-05 , 

3 no r 


-0 . 11525E-01 

9 

0 . 18344E-03 , 

0.27191E-04 

0. 81816E-02 

9 

-0.94638E-03 , 

0 . 34459E-04 

0.65794E-02 

9 

-0.32017E-03 , 

0 . 51587E-05 

-0.10206E-01 

9 

0 . 39431E-03 , 

-0 . 41857E-05 

0 . 34203E-02 

9 

0 . 94051E-04 , 

-0. 14549E-05 

-0 . 10285E-01 

9 

0 . 47317E-03 , 

-0.83452E-0S 

-0 . 10686E-01 

9 

0 . 38877E-03 , 

0 . 23037E-05 

0 . 77848E-02 

9 

-0 . 86601E-03 , 

0 . 27801E-04 

0.64531E-02 

9 

-0.38677E-03 , 

0 . 10787E-04 

-0.91301E-02 

9 

0.53030E-03 , 

-0 . 18128E-04 

0 . 30885E-02 

9 

0 . 30348E-04 , 

0.13610E-05 

-0.97726E-02 

9 

0 . 57112E-03 , 

-0.16737E-04 

-O.11249E-01 

9 

0 . 87295E-03 , 

-0.41933E-04 

0.86633E-02 

9 

-0.88642E-03 , 

0.18057E-04 

0.65780E-02 

9 

-0.46096E-03 , 

0.16753E-04 

-0.88542E-02 

9 

0 . 58207E-03 , 

-0 . 20594E-04 

0 . 30549E-02 

9 

-0.27388E-05 , 

0 . 15814E-05 

-0 . 99901E-02 

9 

0.66889E-03 , 

-0.21841E-04 


-15.0, 

0.30, 


r 


9 


-0 . 46403E-01 , 0.53433E-02 , -0.49657E-03 , 

0.18266E-02 , -0.44972E-03 , -0.17251E-04 

0.14548E-01 , -0.29567E-03 , 0.18023E-04 

-0.27962E-01 , 0.21337E-02 , -0.90634E-04 

0 . 17342E-01 , -0.76579E-03 , 0.32836E-04 

-0 . 20551E-01 , 0 . 17961E-02 , -0.10052E-03 , 


-0.49133E-01 , 0.56576E-02 , -0.52578E-03 , 

0 . 19341E-02 , -0.47618E-03 , -0.18266E-04 , 
0.15403E-01 , -0.31306E-03 , 0.19084E-04 
-0 . 29607E-01 , 0 . 22592E-02 , -0.95965E-04 , 

0.18362E-01 , -0 . 81083E-03 , 0.34768E-04 
-0 . 21760E-01 , 0 . 19017E-02 , -0.10643E-03 , 

0.80, 

-0.57322E-01 , 0.66005E-02 , -0.61341E-03 , 

0 . 22564E-02 , -0.55554E-03 , -0.21310E-04 , 
0.17971E-01 , -0.36524E-03 , 0.22264E-04 , - 

-0 . 34542E-01 , 0.26357E-02 , -0.11196E-03 , 

0.21422E-01 , -0.94597E-03 , 0.40562E-04 , - 

-0.25386E-01 , 0.22187E-02 , -0.12417E-03 . 

0.90, 


E-26 

o-a. 


-0 . 31624E-05 , 
0 . 19263E-05 , 
0 . 37276E-06 , 
-0.18506E-05 , 
-0 . 20596E-06 , 
-0 . 15594E-06 , 

-0.20002E-05 , 
0 . 85082E-06 , 
0.28818E-06 , 
-0 . 22749E-05 , 
0.39764E-07 , 
-0 . 48310E-06 , 

-0.88048E-06 , 
-0.60753E-06 , 
0.56706E-07 , 
-0 . 82738E-07 , 
0 . 20022E-07 , 
0 . 25306E-08 , 

-0.23333E-06 , 
-0.38807E-06 , 
-0.76996E-07 , 
0.24087E-06 , 
-0.22020E-07 , 
0.17855E-06 , 

0 . 86766E-06 , 

0 . 51638E-07 , 
-0.21298E-06 , 

0 . 24684E-06 , 
-0 . 41712E-08 , 
0.25622E-06 , 


0.12439E-04 , 
0.88610E-06 , 
-0 . 68560E-06 , 
0 . 14169E-05 , 
-0 . 62637E-06 , 
0 . 20606E-05 , 

0 . 13171E-04 , 
0 . 93823E-06 , 
■0 . 72593E-06 , 
0.15003E-05 , 
■0.66322E-06 , 
0 . 21818E-05 , 

0.15366E-04 , 
0 . 10946E-05 , 
0 . 84692E-06 , 
0.17503E-05 , 
0.77375E-06 , 
0 . 25455E-05 , 
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-0 . 60051E-01 , 
0 . 23639E-02 , 
0 . 18826E-01 , 
-0 . 36187E-01 , 
0 . 22442E-01 , 
-0 . 26595E-01 , 


0 . 69148E-02 
-0.58199E-03 
-0.38263E-03 
0 . 27612E-02 
-0 . 99102E-03 
0 . 23243E-02 


-0 . 64262E-03 , 
-0.22325E-04 r 
0.23324E-04 , 
-0 . 11729E-03 , 
0 . 42494E-04 , 
-0.13008E-03 , 


0 . 16097E-04 , 
0 . 11467E-05 , 
-0 . 88725E-06 , 
0 . 18337E-Q5 , 
-0 . 81060E-06 , 
0 . 26667E-05 , 


0.95, 

-0 . 47768E-01 , 0.55004E-02 , 

0 . 18803E-02 , -0.46295E-03 , 
0.14975E-01 , -0 . 30437E-03 , 
-0 . 28785E-01 , 0.21964E-02 , 

0 . 17852E-01 , -0 . 78831E-03 , 
-0 . 21155E-01 , 0 . 18489E-02 , 


-0 . 51117E-03 , 0 . 12805E-04 , 

-0 . 17758E-04 , 0.91216E-06 , 

0.18553E-04 , -0.70577E-06 , 
-0 . 93300E-04 , 0.14586E-05 , 

0 . 33802E-04 , -0 . 64479E-06 , 
-0.10347E-03 , 0.21212E-05 , 


1 . 10 , 

-0 . 39377E-01 , 0.43585E-02 , 

0 . 26009E-02 , -0.52252E-03 , 
0 . 12824E-01 , -0.29550E-03 , 
-0 . 24584E-01 , 0.17912E-02 , 

0 . 15369E-01 , -0.53804E-03 , 
-0 . 18500E-01 , 0 . 15036E-02 , 


-0 . 38378E-03 , 0.91876E-05 , 

-0 . 11039E-04 , 0 . 80688E-06 , 

0 . 10601E-04 , -0.27944E-06 , 
-0.76166E-04 , 0.13514E-05 , 

0 . 17215E-04 , -0 . 24303E-06 , 
-0.77449E - 04 , 0.14675E-05 , 


1 - 20 , 

-0 . 33779E-01 , 0 . 35967E-02 , 

0.30816E-02 , -0 . 56227E-03 , 
0 . 11388E-01 , -0 . 28959E-03 , 
-0 . 21782E-01 , 0 . 15208E-02 , 

0 . 13712E-01 , -0.37109E-03 , 
-0 . 16729E-01 , 0 . 12732E-02 , 


-0.29880E-03 , 0 . 67745E-05 , 

-0 . 65564E-05 , 0.73664E-06 , 

0 . 52965E-05 , 0.49683E-08 , 

-0 . 64736E-04 , 0.12798E-05 , 

0.61493E-05 , 0.24992E-07 , 

-0 . 60088E-04 , 0.10315E-05 , 


1.60, 

-0.11394E-01 
0 . 50036E-02 
0.56489E-02 
-0.10578E-01 
0 . 70887E-02 
-0 . 96455E-02 


, 0 . 55060E-03 
, -0 . 72118E-03 
, -0 . 26595E-03 
, 0 . 43979E-03 
, 0 . 29651E-03 
, 0.35207E-03 


, 0 . 41023E-04 , 
, 0.11368E-04 , 
, -0.15916E-04 , 
, -0.19030E-04 , 
, -0 . 38098E-04 , 
, 0 . 93346E-05 , 


-0 . 28745E-05 , 
0.45578E-06 , 
0 . 11422E-05 , 
0 . 99373E-06 , 
0.10967E-05 , 
-0 . 71224E-06 , 


2 . 00 , 

-0 . 46116E-02 , 
0.44379E-02 , 
0 . 32521E-02 , 
-0 . 70458E-02 , 
0 . 45282E-02 , 
-0 . 61276E-02 , 


0 . 61775E-03 , 
-0.40179E-03 , 
-0 . 19123E-03 , 
0 . 34892E-04 , 
0.14837E-03 , 
0 . 15838E-03 , 


0 . 35134E-05 , 
-0 . 48778E-05 , 
0 . 39122E-05 , 
0 . 30858E-04 , 
-0 . 96352E-05 , 
0 . 80239E-05 , 


-0 . 11215E-05 , 
0 . 88573E-06 , 
0 . 37451E-07 , 
-0 . 14007E-05 , 
0 . 20633E-06 , 
-0.44725E-06 , 


2-50, „ 

-0 . 33766E-02 , -0.30056E-03 , 

0 . 39502E-02 , -0.23169E-03 , 
0 . 22199E-02 , -0.33818E-04 , 
-0.47423E-02 , -0.10564E-04 , 
0 . 34983E-02 , 0.13751E-03 , 

-0 . 45102E-02 , 0.13804E-03 , 

3 * 00, -0.41676E-02 , 0.18177E-04 , 

0.19059E-02 , -0 . 31223E-03 , 
0 . 22390E-02 , -0.97424E-04 , 
-0 . 46554E-02 , 0.16554E-03 , 

0.23638E-02 , 0.50393E-04 , 

-0 . 40074E-02 , 0.14675E-03 , 

3.50, 

-0.33996E-02 , 0.70132E-04 , 

0 . 16740E-02 , -0 . 25283E-03 , 


0 . 72963E-04 , -0.21943E-05 , 
0.24571E-05 , 0.96710E-07 , 

-0 . 10759E-04 , 0 . 45415E-06 , 

0 . 31367E-04 , -0.11881E-05 , 
-0 . 11066E-04 , 0 . 28224E-06 , 

-0 . 10710E-05 , -0 . 86989E-07 , 

0 . 14708E-04 , -0.42351E-06 , 
0 . 11808E-04 , -0 . 21165E-06 , 
0 . 23626E-05 , 0.37739E-08 , 

-0.37444E-05 , 0.58694E-08 , 

-0 . 19557E-05 , 0.52310E-07 , 

-0.22772E-05 , -0.18418E-07 , 

0 . 54515E-05 , -0.20952E-06 , 
0 . 83265E-05 , -0.15536E-06 , 
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0 . 21116E-02 , 
-0 . 36562E-02 , 
0 . 21982E-02 , 
-0.35367E-02 , 
4.00, .... 

, -0.93988E-04 , 
0.15615E-03 , 
-0.23401E-04 , 
0.16854E-03 , 

- 0 . 25476E-05 , 

-0.47560E-05 , 
0.25553E-05 , 
-0.49245E-05 , 

0 . 39782E-09 , 
0 . 37327E-07 , 
-0.26202E-07 , 
0 . 40177E-07 , 

-Tl 

-0.39003E-02 , 
0 . 18636E-02 , 
0.20028E-02 , 
-0.34807E-02 , 
0 . 21647E-02 , 
-0.34999E-02 , 

0.0, 

0.30, 

0.36008E-03 , 
-0 . 291 97E-03 , 
-0.11138E-03 , 
0.15779E-03 , 
-0 . 51 909E-04 , 
0.20348E-03 , 

-0 . 16386E-04 , 
0.10391E-04 , 
0.38811E-05 , 
-0 . 50524E-05 , 
0.37691E-05 , 
-0 . 72971E-05 , 

0 . 29334E-06 , 
-0.13599E-06 , 
-0.25870E-07 , 
0 . 39590E-07 , 
-0.46833E-07 , 
0 . 85370E-07 , 


0 . 00000E+00 , 
0.00000E+00 , 
0 . 00000E+00 , 
0 . OOOOOE+OO , 
0 . 00000E+00 , 
0. 00000E+00 , 

0.60, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

1 ; 

E 

0. 00000E+00 , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0.80, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0, OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0.90, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0, OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

- 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0.95, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0, OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

— 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

1.10, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0 . OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

1.20, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

- 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
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0 . 00000E+00 , 

0 . 00000E+00 , 

0 . 00000E+00 , 

1.60, 

0 . 00000E+00 , 
O.OOOOOE+OO , 

0 . 00000E+00 , 
0.00000E+00 , 
0.00000E+00 , 
0.00000E+00 , 

2.00, 

O.OOOOOE+OO , 
0.00000E+00 , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

2.50, 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

3.00, 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

3.50, 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

4.00, 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOffOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


15.0, 

°' 30, -0.19362E-02 , 0.79443E-02 , 

0 . 44291E-02 , -0.41459E-03 , 
-0 . 80529E-02 , -0.16572E-03 , 
0 . 41254E-01 , -0.41953E-03 , 
-0.37182E-01 , 0.42032E-03 , 

0 . 30962E-01 , -0 . 18369E-03 , 


-0.57025E-03 , 
0 . 79391E-04 , 
0 . 93501E-05 , 
0 . 22186E-04 , 
0 . 19537E-05 , 
0.15658E-04 , 


0.60, 

-0 . 28496E-02 , 
0 . 65185E-02 , 
-0 . 11852E-01 , 
0 . 60715E-01 , 


0 . 11692E-01 , -0 . 83926E-03 , 
-0.61017E-03 , 0 . 11684E-03 , 
-0 . 24390E-03 , 0.13761E-04 , 
-0 . 61744E-03 , 0.32652E-04 , 


. OOOOOE+OO , 

. OOOOOE+OO , 
.OOOOOE+OO , 

.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


0 . 10626E-04 , 
-0 . 21284E-05 , 
0 . 80210E-07 , 
-0.13890E-05 , 
0.34096E-06 , 
-0 . 12039E-05 , 

0 . 15639E-04 , 
-0 . 31325E-05 , 
0 . 11805E-06 , 
-0 . 20443E-05 , 
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-0.54722E-01 , 0.61860E-03 , 

0 80 0,45569E " 01 ' -0-27035E-03 , 

-0.25330E-02 , 0.10393E-01 , 

0 . 57942E-02 , -0.54237E-03 , 
-0 . 10535E-01 , -0 . 21680E-03 , 

0.53969E-01 , -0.54884E-03 , 

-0 . 48642E-01 , 0.54986E-03 

0 . 40506E-01 , -0 . 24031E-03 , 

0.90, 

-0 . 15831E-02 , 0 . 64955E-02 , 

0 . 36214E-02 , -0.33898E-03 , 
-0.65844E-02 , -0 . 13550E-03 , 
0.33731E-01 , -0.34302E-03 , 
-0.30401E-01 , 0.34366E-03 , 

0.25316E-01 , -0.15019E-03 , 

-0.25330E-02 , 0.10393E-01 , 

0.57942E-02 , -0.54237E-03 , 
-0.10535E-01 , -0.21680E-03 , 

0 . 53969E-01 , -0 . 54884E-03 , 
-0 . 48642E-01 , 0.54986E-03 , 

0.40506E-01 , -0.24031E-03 
1.10, ' 

-0.72006E-03 , 0.80498E-02 

0 . 55310E-02 , -0.29254E-03 
-0.87923E-02 , -0.14146E-03 , 

0 . 44323E-01 , -0.38557E-03 , 
-0.40669E-01 , 0.32278E-03 , 

0.33176E-01 , -0 . 20810E-03 , 
1.20, ' 

0 . 48935E-03 , 0.64867E-02 , 

0 . 53554E-02 , -0.12588E-03 , 
-0.76298E-02 , -0.91203E-04 
0.37888E-01 , -0.27665E-03 , 
-0.35351E-01 , 0.17129E-03 , 

0.28286E-01 , -0.18662E-03 , 


0 . 28753E-05 , 0.50180E-06 , 

0.23044E-04 , -0.17719E-05 , 

-0 . 74601E-03 , 0 . 13901E-04 , 

0.10386E-03 , -0.27845E-05 
0.12232E-04 , 0.10493E-06 , 

0 . 29024E-04 , -0.18171E-05 , 
0.25558E-05 , 0.44605E-06 , 

0.20483E-04 , -0.15750E-05 , 

-0.46625E-03 , 0.86884E-05 , 

0.64913E-04 , -0.17403E-05 , 
0.76450E-05 , 0.65582E-07 , 

0 . 1 814 0E-04 , -0.11357E-05 , 
0 . 15974E-05 , 0.27878E-06 , 

0 . 12802E-04 , -0 . 98437E-06 , 

-0.74601E-03 , 0.13901E-04 , 

0.10386E-03 , -0 . 27845E-05 , 
0.12232E-04 , 0.10493E-06 , 

0 . 29024E-04 , -0.18171E-05 , 
0.25558E-05 , 0.44605E-06 , 

0.20483E-04 , -0.15750E-05 , 

-0.56416E-03 , 0.97087E-05 , 

0.75492E-04 , -0.22420E-05 , 
0.69728E-05 , 0.22475E-06 , 

0.86722E-05 , -0.87531E-06 , 
0.20074E-04 , -0.30744E-06 , 

0 . 87656E-05 , -0.89091E-06 , 

-0 . 44285E-03 , 0.69117E-05 , 

0.56567E-04 , -0.18801E-05 , 

0 . 34644E-05 , 0.30468E-06 , 

-0.49043E-05 , -0.24701E-06 , 
0.31760E-04 , -0 . 81009E-06 , 

0 . 94862E-06 , -0.43456E-06 , 


0 . 53254E-02 , 
0.46532E-02 , 
-0.29812E-02 , 
0.12157E-01 , 
-0 . 14084E-01 , 
0.87339E-02 , 

2 . 00 , 


0.23647E-03 , 
0 . 54055E-03 , 
0 . 10977E-03 , 
0.15889E-03 , 
-0.43446E-03 , 
-0.10070E-03 , 


0.42240E-04 , 
-0.19109E-04 , 
-0 . 10565E-04 , 
-0.59193E-04 , 
0.78490E-04 , 
-0.30309E-04 , 


-0.42726E-05 , 
-0 . 43294E-06 , 
0 . 62430E-06 , 
0 . 22654E-05 , 
-0.28200E-05 , 
0 . 13902E-05 , 


0.62128E-02 , 0.76926E-04 , 

0 . 41987E-02 , 0.49459E-03 

-0.21355E-02 , 0.62003E-04 , 

0.70823E-02 , -0.67951E-04 , 
-0 . 89889E-02 , -0.25018E-03 , 
0.51330E-02 , -0.90873E-04 , 


0.22241E-04 , -0.14603E-05 , 
-0 . 51381E-04 , 0.19935E-05 , 

-0.33525E-05 , 0.10890E-06 , 

0.25709E-04 , -0.11238E-05 
0.20396E-04 , -0.51626E-06 , 
0.50917E-05 , -0.13573E-06 , 


0.70562E-02 , 
0.37003E-02 , 
-0.18740E-02 , 
0 . 63378E-02 , 
-0 . 65935E-02 , 
0 . 39646E-02 , 


-0.25642E-03 , 
0 . 38064E-03 , 
0 . 79974E-04 , 
0 . 28673E-04 , 
-0 . 14434E-03 , 
0.19487E-04 , 


0.23875E-04 , 
-0.15420E-04 , 
-0 . 88226E-05 , 
0 . 17941E-04 , 
-0.34576E-07 , 
0 . 13280E-05 , 


-0.37584E-06 , 
0.37461E-06 , 
0 . 29440E-06 , 
-0 . 77960E-06 , 
0 . 11358E-06 , 
-0 . 12387E-06 , 
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0 . 37325E-02 , -0.24430E-03 , 

0 . 10488E-02 , 0.16831E-03 , 

-0 . 13159E-02 , 0.46816E-04 , 

0 . 40923E-02 , 0.54765E-04 , 

-0 . 58563E-02 , -0.97235E-04 , 

0 . 31212E-02 , -0.20082E-04 , 

3 . 50 

0 . 28591E-02 , -0.20966E-03 , 

0 . 33315E-03 , 0.13230E-03 , 

-0 . 10672E-02 , 0.50567E-04 , 

0 . 38489E-02 , -0.23916E-05 , 

-0 . 47724E-02 , -0.83970E-04 , 

0 . 28018E-02 , -0.37094E-04 , 

0 . 26032E-02 , -0.34550E-04 , 

0 . 48726E-03 , 0.11275E-03 , 

-0.10930E-02 , 0.67872E-04 , 

0 . 37364E-02 , -0.61348E-04 , 

-0 . 43023E-02 , -0.15131E-04 , 

0 . 26607E-02 , -0 . 61659E-04 , 

30.0, 

0 . 59318E-01 , 0 . 88160E-02 , 

0 . 21180E-01 , 0 . 45188E-03 , 

-0 . 18166E-01 , -0.11348E-02 , 

0 . 79717E-01 , 0 . 17022E-02 , 

-0 . 74818E-01 , -0 . 65004E-03 , 
0.52354E-01 , 0.28104E-02 , 

0.60, 

0 . 87301E-01 , 0 . 12975E-01 , 

0 . 31171E-01 , 0 . 66505E-03 , 

-0 . 26735E-01 , -0.16702E-02 , 
0.11732E+00 , 0 . 25052E-02 , 

-0 . 11011E+00 , -0.95670E-03 , 

0 . 77052E-01 , 0 . 41362E-02 , 

°' 80 ' o . 77601E-01 , 0.11533E-01 , 

0 . 27708E-01 , 0.59115E-03 , 

-0 . 23765E-01 , -0.14846E-02 , 

0 . 10429E+00 , 0 . 22268E-02 , 

-0 . 97877E-01 , -0 . 85040E-03 , 

0 . 68491E-01 , 0 . 36766E-02 , 

0 . 48501E-01 , 0 . 72083E-02 , 

0.17317E-01 , 0 . 36947E-03 , 

-0 . 14853E-01 , -0.92786E-03 , 
0.65179E-01 , 0 . 13918E-02 , 

-0 . 61173E-01 , -0.53150E-03 , 
0.42807E-01 , 0.22979E-02 , 

°* 95 ' 0.77601E-01 , 0.11533E-01 , 

0 . 27708E-01 , 0 . 59115E-03 , 

-0 . 23765E-01 , -0.14846E-02 , 
0 . 10429E+00 , 0 . 22268E-02 , 

-0 . 97877E-01 , -0.85040E-03 , 
0 . 68491E-01 , 0.36766E-02 , 

1.10, 


0 . 17874E-04 , -0.42945E-06 , 
-0.22033E-05 , -0.21849E-07 , 
-0 . 83535E-06 , 0.14623E-07 , 

0 . 91308E-06 , -0 . 32807E-07 , 
0.11070E-05 , 0 . 18030E-08 , 

0 . 29750E-05 , -0.63591E-07 , 

0 . 10490E-04 , -0 . 22731E-06 , 
0.72906E-06 , -0.10174E-06 , 
-0.25385E-05 , 0.58714E-07 , 

0 . 42747E-05 , -0.90059E-07 , 
-0 . 25519E-05 , 0.97698E-07 , 

0.48504E-05 , -0.10028E-06 , 

0.35026E-07 , 0.24785E-07 , 

0 . 57344E-06 , -0.14278E-07 , 
-0.34810E-05 , 0 . 66552E-07 , 

0 . 98108E-05 , -0 . 21338E-06 , 
-0 . 86198E-05 , 0.21822E-06 , 

0 . 68595E-05 , -0.13677E-06 , 


-0.90020E-03 , 0 . 17718E-04 , 

-0 . 23486E-05 , -0.71075E-06 , 

0 . 10299E-03 , -0 . 14788E-05 , 
-0.24498E-03 , 0.40779E-05 , 

0.16754E-03 , -0.29825E-05 , 
-0.25466E-03 , 0.34674E-05 , 

-0 . 13249E-02 , 0.26076E-04 , 

-0 . 34565E-05 , -0.10460E-05 , 

0 . 15158E-03 , -0 . 21765E-05 , 
-0 . 36054E-03 , 0.60017E-05 , 

0.24657E-03 , -0.43894E-05 , 
-0.37480E-03 , 0.51031E-05 , 

-0 . 11777E-02 , 0 . 23179E-04 , 

-0.30725E-05 , -0.92981E-06 , 

0 . 13474E-03 , -0.19346E-05 , 
-0.32048E-03 , 0.53348E-05 , 

0.21918E-03 , -0.39017E-05 , 
-0 . 33315E-03 , 0.45361E-05 , 

-0 . 73603E-03 , 0.14487E-04 , 

-0 . 19203E-05 , -0.58113E-06 , 
0.84211E-04 , -0.12091E-05 , 
-0.20030E-03 , 0 . 33343E-05 , 

0 . 13698E-03 , -0.24386E-05 , 
-0 . 20822E-03 , 0.28351E-05 , 

-0 . 11777E-02 , 0 . 23179E-04 , 

-0 . 30725E-05 , -0.92981E-06 , 
0 . 13474E-03 , -0.19346E-05 , 
-0.32048E-03 , 0.53348E-05 , 

0 . 21918E-03 , -0 . 39017E-05 , 
-0 . 33315E-03 , 0.45361E-05 , 
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0 . 62989E-01 , 
0.23760E-01 , 
-0 . 19550E-01 , 
0 . 85559E-01 , 
-0.81933E-01 , 
0 . 56341E-01 , 

1 . 20 , 

0 . 53241E-01 , 
0.21127E-01 , 
-0.16738E-01 , 
0 . 73066E-01 , 
-0.71297E-01 , 
0.48236E-01 , 

1.60, 


0 . 87401E-02 , 
0 . 79026E-03 , 
-0 . 10671E-02 , 
0.17863E-02 , 
-0 . 91151E-03 , 
0.27752E-02 , 

0.68767E-02 , 
0.92308E-03 , 
-0.78862E-03 , 
0 . 14925E-02 , 
-0.95228E-03 , 
0.21738E-02 , 


-0.89576E-03 , 
-0.30302E-04 , 
0 . 97262E-04 , 
-0.26548E-03 , 
0 . 20477E-03 , 
-0.26169E-03 , 

-0.70771E-03 , 
-0.48468E-04 , 
0.72262E-04 , 
-0.22878E-03 , 
0.19516E-03 , 
-0.21402E-03 , 


0 . 14262E-01 , -0.57430E-03 , 
0 . 10596E-01 , 0 . 14542E-02 , 

-0 . 54949E-02 , 0.32500E-03 , 

0 . 23109E-01 , 0 . 31743E-03 , 

-0.28765E-01 , -0.11153E-02 , 
0 . 15828E-01 , -0.23082E-03 , 

2 . 00 , 


0.44260E-04 , 
-0.12110E-03 , 
-0.27705E-04 , 
-0 . 82055E-04 , 
0 . 15674E-03 , 
-0.23395E-04 , 


0.18469E-01 , 
0 . 82981E-02 , 
-0 . 45391E-02 , 
0.14597E-01 , 
-0.20079E-01 , 
0 . 10014E-01 , 

2.50, 

0.11304E-01 , 
0.78121E-02 , 
-0 . 34254E-02 , 
0 . 13224E-01 , 
-0 . 15551E-01 , 
0.83182E-02 , 

3.00, 


0 . 14000E-03 , 
0.10573E-02 , 
0 . 36181E-04 , 
0 . 15263E-03 , 
-0.76259E-03 , 
-0 . 61072E-04 , 

-0 . 10759E-02 , 
0 . 53750E-03 , 
0 . 13773E-03 , 
0.11346E-03 , 
-0.49143E-03 , 
0.22455E-04 , 


0.39088E-04 , 
-0 . 69909E-04 , 
-0.11608E-04 , 
0 . 15706E-04 , 
0.53392E-04 , 
0.29545E-05 , 

0 . 14995E-03 , 
0 . Ill 04E-04 , 
-0.16632E-04 , 
0.76059E-05 , 
0 . 70042E-05 , 
0.46389E-06 , 


0 . 53634E-02 , -0 
0.32057E-02 , 0 

-0.19808E-02 , 0 

0 . 80792E-02 , 0 

-0.11175E-01 , -0 
0 . 54989E-02 , -0 

3.50, 


30421E-03 , 0.24265E-04 , 
30236E-03 , -0.41340E-05 , 
72374E-04 , -0.33542E-05 , 
33394E-04 , 0.78014E-05 , 
21721E-03 , 0.84232E-06 , 
15398E-04 , 0 . 60903E-05 , 


0 . 51469E-02 , 
0 . 24146E-02 , 
-0 . 16211E-02 , 
0.74572E-02 , 
-0 . 95470E-02 , 
0.48707E-02 , 

4.00, 

0 . 48448E-02 , 
0 . 21824E-02 , 
-0 . 16041E-02 , 
0 . 68196E-02 , 
-0 . 87831E-02 , 
0 . 45740E-02 , 


-0 . 11230E-03 , 
0 . 23487E-03 , 
0 . 60726E-04 , 
0 . 69281E-04 , 
-0 . 16391E-03 , 
-0.18696E-04 , 

0 . 21213E-03 , 
0 . 30604E-03 , 
0 . 56623E-04 , 
0.49787E-05 , 
-0.66390E-04 , 
-0.51972E-04 , 


0 . 66521E-05 , - 
0 . 42076E-05 , - 
-0.42994E-05 , 

0 . 69953E-05 , - 
-0 . 72604E-05 , 
0.76938E-05 , - 

-0.29325E-04 , 
-0.11453E-04 , 

-0 . 29449E-05 , 

0 . 12879E-04 , - 
-0 . 17779E-04 , 
0.11292E-04 , -i 


0 . 17198E-04 , 
0.13123E-07 , 
-0 . 12128E-05 , 
0 . 47141E-05 , 
-0 . 41721E-05 , 
0.36973E-05 , 

0 . 13208E-04 , 
0 . 64215E-06 , 
-0 . 73134E-06 , 
0 . 43000E-05 , 
-0 . 43524E-05 , 
0 . 31377E-05 , 

-0.27462E-05 , 
0.31575E-05 , 
0 . 11941E-05 , 

0 . 26441E-05 , 
-0.50735E-05 , 

0 . 90005E-06 , 

-0 . 20304E-05 , 
0.26513E-05 , 
0.35229E-06 , 
-0 . 11630E-05 , 
-0 . 11162E-05 , 
-0 . 17028E-06 , 

-0.46090E-05 , 
-0 . 82392E-06 , 

0 . 55752E-06 , 
-0. 38132E-06 , 
0.21795E-06 , 
-0 . 71705E-07 , 

-0 . 62794E-06 , 
-0.35109E-07 , 

0 . 88484E-07 , 

■0 . 22024E-06 , 

0 . 72884E-07 , 

■0 . 15883E-06 , 

■0.28433E-06 , 

■0 . 28746E-06 , 

0 . 11295E-06 , 
0.21238E-06 , 
0.25665E-06 , 

0 . 18701E-06 , 

0.75126E-06 , 

0 . 32596E-06 , 
0.61262E-07 , 

0 . 33939E-06 , 

0 . 49760E-06 , 

. 26728E-06 , 
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aero increments due to rudder deflection 


0 . 0 , 

0 . 30 , 

0 . 00000E+00 
o . OOOOOE+OO 
0.00000E+00 
0. OOOOOE+OO 
0. 00000E+00 
0. 00000E+00 


, o. 00000E+00 , 
, o. 00000E+00 , 
, o. 00000E+00 , 
, o. 00000E+00 , 
, 0. OOOOOE+OO , 

■ o. OOOOOE+OO , 


0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 


, 0 

, 0 


0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

° 0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 

0. OOOOOE+OO , 0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0 . 90 , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0 . 95 , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


1 . 10 , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

1 . 20 , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

1.60, 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 


.OOOOOE+OO , 
.OOOOOE+OO , 
i. OOOOOE+OO , 
i. OOOOOE+OO , 

I. OOOOOE+OO , 

I. OOOOOE+OO , 

). OOOOOE+OO , 

). OOOOOE+OO , 

3. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
, o. OOOOOE+OO , 
r o. OOOOOE+OO , 
, o. OOOOOE+OO , 
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2 . 00 , 

0 . 00000E+00 , 0 . 00000E+00 

0.00000E+00 , 0.00000E+00 

0.00000E+00 , 0.00000E+00 

O.OOOOOE+OO , 0.00000E+00 

0.00000E+00 , O.OOOOOE+OO 
0 . 00000E+00 , O.OOOOOE+OO \ 

2.50, 


O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO , 


O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , 0 . OOOOOE+OO 

O.OOOOOE+OO , O.OOOOOE+OO , 

3. 00, 

O.OOOOOE+OO , 0. OOOOOE+OO 

O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , O.OOOOOE+OO 
0. OOOOOE+OO , O.OOOOOE+OO \ 
O.OOOOOE+OO , O.OOOOOE+OO 
3.50, ' 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


O.OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

O.OOOOOE+OO , 0 . OOOOOE+OO 

O.OOOOOE+OO , O.OOOOOE+OO \ 
O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , O.OOOOOE+OO , 
4.00, ' 

O.OOOOOE+OO , O.OOOOOE+OO 
O.OOOOOE+OO , O.OOOOOE+OO 
0. OOOOOE+OO , O.OOOOOE+OO \ 
0. OOOOOE+OO , 0. OOOOOE+OO 

0. OOOOOE+OO , 0. OOOOOE+OO 

O.OOOOOE+OO , O.OOOOOE+OO , 

0.30, 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


-0.13646E-01 , 
0 . 48574E-03 , 
0 . 37241E-02 , 
0.89759E-02 , 
-0.12496E-01 , 
-0 . 20471E-02 , 

0.60, 

0 . 26486E-01 , 
-0.10948E-01 , 
-0.50575E-02 , 
0.37134E-01 , 
-0.29443E-01 , 
0.48498E-02 , 

0.80, 

0 . 16977E-01 , 
-0 . 45378E-03 , 
-0.51199E-02 , 
0.29612E-01 , 
-0 . 27206E-01 , 

0 . 16086E-02 , 

0.90, 


0 . 81105E-02 , 
-0.59253E-03 , 
-0.32643E-03 , 
0.30575E-02 , 
-0.76389E-03 , 
0.18705E-02 , 

0 . 56887E-02 , 
0 . 17510E-02 , 
-0.80859E-03 , 
-0.12940E-02 , 
0 . 41547E-03 , 
-0.87596E-03 , 

-0.29680E-02 , 

0 . 64347E-04 , 
0.88543E-03 , 
-0 . 30008E-03 , 
-0.10755E-03 , 
-0 . 15300E-03 , 


-0.70197E-03 , 
0.78507E-04 , - 
0.17728E-04 , - 
-0.15466E-03 , 
0.32148E-04 , - 
-0.12021E-03 , 

-0.10650E-02 , 
-0.19287E-03 , 

0 . 16214E-03 , - 
0.39452E-03 , -i 
-0 . 56307E-05 , -i 
0 . 17117E-04 , i 

-0.40849E-04 , ( 

-0.12167E-03 , ( 

-0.33473E-04 , ( 

0.31330E-03 , -C 
0 . 39228E-04 , -C 
0.39553E-04 , -0 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


0 . 15341E-04 , 
■0.19218E-05 , 
•0 . 40951E-06 , 
0 . 22353E-05 , 
0.41948E-06 , 
0.21859E-05 , 

0.32543E-04 , 
0 . 59425E-05 , 
0.51378E-05 , 
0.13678E-04 , 
0.51736E-06 , 

D . 16763E-05 , 

) . 54696E-05 , 

) . 50234E-05 , 

) . 38241E-07 , 

• . 12739E-04 , 
I.22372E-05 , 

• -99083E-06 , 


E-34 
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-0.16891E-01 , -0 . 56343E-02 , 
-0 . 16272E-01 , -0.44489E-02 , 

0 . 35337E-02 , 0.13856E-02 , 

0 . 35031E-01 , 0 . 15026E-02 , 

-0 . 27810E-01 , -0 . 51487E-03 , 

0 . 35497E-03 , -0.10408E-04 , 

0 . 95 

0 . 10682E-01 , 0 . 42658E-02 , 

-0 . 50330E-02 , -0.18559E-02 , 
-0 . 36619E-02 , -0.80692E-03 , 

0 . 36842E-01 , 0.38359E-03 , 

-0 . 29203E-01 , 0 . 10463E-03 , 

0 . 34746E-02 , -0.53328E-03 , 

1.10, 

0 . 75071E-02 , 0.43665E-02 , 

-0 . 29115E-02 , -0.53747E-03 , 
-0 . 30339E-02 , -0.90530E-03 , 
0 . 34959E-01 , 0.27677E-03 , 

-0 . 28758E-01 , 0.12692E-03 , 

0 . 26925E-02 , -0.64001E-03 , 

1.20, 

0 . 53891E-02 , 0.44337E-02 , 

-0.14963E-02 , 0.34206E-03 , 

-0 . 26150E-02 , -0 . 97093E-03 , 
0 . 33703E-01 , 0 . 20551E-03 , 

-0 . 28461E-01 , 0 . 14178E-03 , 

0 . 21708E-02 , -0 . 71121E-03 , 


0 . 11940E-02 , -0 . 43161E-04 , 
0.74156E-03 , -0.23953E-04 , 
-0 . 34888E-03 , 0.12929E-04 , 

-0.66012E-04 , -0.99138E-07 , 

0 . 10278E-03 , -0 . 42776E-05 , 
0.20795E-04 , -0.74877E-06 , 

-0.77795E-03 , 0.24892E-04 , 

0.12871E-04 , 0 . 45520E-05 , 

0.22583E-03 , -0.78536E-05 , 
-0 . 39287E-04 , 0.15174E-05 , 

0.75812E-04 , -0.36532E-05 , 
0.15636E-04 , 0.30581E-06 , 

-0 . 95411E-03 , 0.37593E-04 , 

-0 . 21894E-03 , 0.14552E-04 , 

0.27427E-03 , -0.H276E-04 , 
-0.62860E-04 , 0.24127E-05 , 

0 . 80943E-04 , -0.38633E-05 , 
0.82630E-04 , -0.34280E-05 , 

-0 . 10716E-02 , 0.46066E-04 , 

-0.37359E-03 , 0.21223E-04 , 

0 . 30659E-03 , -0.13559E-04 , 
-0.78586E-04 , 0.30100E-05 , 

0.84366E-04 , -0.40036E-05 , 
0.12732E-03 , -0.59189E-05 , 


1.60, 

-0 . 30802E-02 , 0.47024E-02 , 

0 . 41629E-02 , 0.38590E-02 , 

-0 . 93987E-03 , -0.12334E-02 , 
0 . 28681E-01 , -0.79435E-04 , 
-0 . 27275E-01 , 0.20123E-03 , 

0 . 84430E-04 , -0.99592E-03 , 


-0 . 15415E-02 , 0 . 79945E-04 , 

-0.99196E-03 , 0.47899E-04 , 

0.43580E-03 , -0.22689E-04 , 
-0.14147E-03 , 0 . 53984E-05 , 

0.98053E-04 , -0.45642E-05 , 
0 . 30603E-03 , -0.15879E-04 , 


-0 . 59013E-02 , 0 . 28192E-02 , 

-0 . 57612E-03 , -0.71466E-03 , 
0 . 10229E-02 , -0.24922E-04 , 
0 . 24048E-01 , -0 . 92379E-03 , 
-0 . 20635E-01 , 0 . 72713E-03 , 

0 . 39686E-02 , -0.39895E-03 , 


-0 . 58915E-03 , 0.21540E-04 , 

0 . 98221E-04 , -0.42327E-05 , 
0.37094E-04 , -0.20794E-05 , 
-0 . 78515E-05 , 0.73098E-06 , 

-0 . 54384E-04 , 0.22320E-05 , 

0 . 48142E-04 , -0.19957E-05 , 


2 . 50 

' -0 . 95733E-02 , -0.26446E-03 , 
-0 . 40445E-02 , 0.35343E-03 , 

0.12199E-02 , 0.25017E-03 , 

0 . 19109E-01 , -0 . 41719E-03 , 
-0 . 13872E-01 , 0.34791E-03 , 

0 . 31463E-02 , -0.16351E-03 , 


-0 . 42690E-04 , 
-0 . 58303E-04 , 
-0.15038E-04 , 
-0 . 29668E-04 , 
-0 . 17157E-04 , 
0 . 11918E-05 , 


3.00, 

0 . OOOOOE+OO , 
0 . 00000E+00 , 
0. 00000E+00 , 
0. OOOOOE+OO , 
0. 00000E+00 , 
0. 00000E+00 , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


3.50, 

0. OOOOOE+OO 
0. OOOOOE+OO 


0. OOOOOE+OO 
0. OOOOOE+OO 


0. OOOOOE+OO , 
0. OOOOOE+OO , 


0 . 61894E-06 , 
0.76946E-06 , 

0 . 34154E-06 , 
0.10090E-05 , 
0 . 61102E-06 , 
0.39992E-07 , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 
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0 . 00000E+00 , 
0 . 00000E+00 , 
0 . 00000E+00 , 
0.00000E+00 , 

4.00, 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
0.00000E+00 , 
0.00000E+00 , 


0.00000E+00 , 
0.00000E+00 , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

30.0, 

0.30, 

-0.12709E-02 , 
0 . 11982E-01 , 
0 . 65176E-02 , 
0 . 33794E-01 , 
-0 . 26301E-01 , 
0 . 27752E-03 , 

0.60, 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


0.38650E-02 , 
0.88381E-03 , 
-0.43028E-03 , 
0 . 39625E-03 , 
-0.33197E-03 , 
0 . 51978E-03 , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


-0 . 55108E-03 , 
-0.57730E-04 , 
0 . 34151E-04 , 
0 . 77186E-04 , 
-0 . 18887E-04 , 
-0.12730E-04 , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


0.14188E-04 , 
0 . 84814E-06 , 
-0 . 83397E-06 , 
-0.25222E-05 , 
0 . 59731E-06 , 
0.16219E-06 , 


0 . 52971E-01 , 0 . 11377E-01 , 

-0.21896E-01 , 0.35020E-02 , 

-0 . 10115E-01 , -0.16172E-02 , 
0.74267E-01 , -0 . 25880E-02 , 
-0 . 58887E-01 , 0.83093E-03 , 

0 . 96997E-02 , -0.17519E-02 , 

0.80, 

0 . 33953E-01 , -0.59361E-02 , 
-0.90757E-03 , 0.12869E-03 , 

-0.10240E-01 , 0.17709E-02 , 

0 . 59224E-01 , -0.60016E-03 , 
-0.54412E-01 , -0.21510E-03 , 
0 . 32173E-02 , -0.30601E-03 , 

0.90, 

-0 . 33782E-01 , -0.11269E-01 , 
-0 . 32545E-01 , -0.88978E-02 , 
0.70675E-02 , 0.27713E-02 , 

0 . 70063E-01 , 0 . 30053E-02 , 

-0 . 55619E-01 , -0 . 10297E-02 , 

0 . 70995E-03 , -0 . 20817E-04 , 

0.95, 


-0.21299E-02 , 0.65086E-04 , 

-0.38573E-03 , 0.11885E-04 , 

0 . 32427E-03 T -0.10276E-04 , 
0 . 78904E-03 , -0.27356E-04 , 
-0 . 11261E-04 , -0 . 10347E-05 
0 . 34234E-04 , 0.33527E-05 , 

-0.81698E-04 , 0.10939E-04 , 

-0.24335E-03 , 0.10047E-04 , 

-0.66946E-04 , 0.76482E-07 , 

0 . 62660E-03 , -0.25478E-04 , 
0 . 78455E-04 , -0.44744E-05 , 
0.79105E-04 , -0 . 19817E-05 , 

0.23880E-02 , -0.86322E-04 , 

0 . 14831E-02 , -0.47905E-04 , 
-0.69776E-03 , 0.25858E-04 , 

-0.13202E-03 , -0.19828E-06 , 
0.20556E-03 , -0.85552E-05 , 
0.41590E-04 , -0 . 14975E-05 , 


0.21364E-01 , 0 . 85317E-02 , 

-0 . 10066E-01 , -0 . 37118E-02 , 
-0.73238E-02 , -0.16138E-02 , 
0 . 73684E-01 , 0.76717E-03 , 

-0.58406E-01 , 0.20927E-03 , 

0.69493E-02 , -0.10666E-02 , 

1.10, 

0 . 15014E-01 , 0 . 87331E-02 , 

-0 . 58230E-02 , -0.10749E-02 , 
-0.60679E-02 , -0.18106E-02 , 
0.69919E-01 , 0.55353E-03 , 

-0.57516E-01 , 0 . 25384E-03 , 

0 . 53850E-02 , -0.12800E-02 , 

1.20, 

0.10778E-01 , 0 . 88674E-02 , 

-0.29925E-02 , 0.68412E-03 , 

-0 . 52300E-02 , -0 . 19419E-02 , 


-0.15559E-02 , 0.49785E-04 , 

0.25742E-04 , 0.91041E-05 , 

0.45166E-03 , -0.15707E-04 , 
-0.78575E-04 , 0.30347E-05 , 

0.15162E-03 , -0.73063E-05 , 
0 . 31271E-04 , 0 . 61163E-06 , 

-0.19082E-02 , 0.75186E-04 , 

-0.43789E-03 , 0.29104E-04 , 

0 . 54854E-03 , -0.22552E-04 , 
-0 . 12572E-03 , 0.48255E-05 , 

0 . 16189E-03 , -0.77267E-05 , 
0 . 16526E-03 , -0 . 68561E-05 , 

-0.21432E-02 , 0.92131E-04 , 

-0.74718E-03 , 0 . 42447E-04 , 

0.61317E-03 , -0 . 27119E-04 , 
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1.60, 


0.67407E-01 , 
-0.56923E-01 , 

0.43415E-02 , 

-0 . 61604E-02 , 
0.83257E-02 , 

-0.18797E-02 , 

0.57363E-01 , 
-0 . 54550E-01 , 
0 . 16886E-03 , 


2 . 00 , 


2.50, 


-0 . 11803E-01 , 
-0 . 11522E-02 , 
0.20458E-02 , 

0.48097E-01 , 
-0.41269E-01 , 
0.79371E-02 , 


0.41102E-03 , 

0 . 28357E-03 , 
-0.14224E-02 , 

0.94047E-02 , 

0.77180E-02 , 

-0 . 24667E-02 , 
-0 . 15887E-03 , 
0.40245E-03 , 
-0 . 19918E-02 i 

0 . 56383E-02 
-0.14293E-02 
-0.49844E-04 
-0 . 18476E-02 
0.14543E-02 
-0.79789E-03 


-0.15717E-03 , 0. 

0.16873E-03 , -0- 

0.25464E-03 , 

0 
0 

-0 
0 

-0 


( 


3 . 00 , 


-0 . 19147E-01 , 
-0.80890E-02 , 

0.24397E-02 , 

0 . 38218E-01 , 
-0 . 27744E-01 , 
0 . 62925E-02 , 


-0 . 52891E-03 
0.70687E-03 
0.50033E-03 
-0.83439E-03 
0 . 69581E-03 
-0 . 32702E-03 


-0.30830E-02 
-0 . 19839E-02 
0.87161E-03 
-0 . 28294E-03 
0.196HE-03 . 
0.61206E-03 , -<■ 

-0.H783E-02 , 
0.19644E-03 , 
0.74188E-04 , 

-0 . 15703E-04 , 

-0.10877E-03 , 

0 . 96285E-04 i 

-0 85380E-04 
-0 . 11661E-03 
' -0.30076E-04 

' -0.59336E-04 

' -0.34314E-04 

0 . 23836E-05 


3.50, 


4.00, 


0.00000E+00 , 
O.OOOOOE+OO , 

0 . 00000E+00 , 
0.00000E+00 , 
0.00000E+00 , 
0.00000E+00 , 

0.00000E+00 , 
O.OOOOOE+OO , 
0.00000E+00 , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
0. OOOOOE+OO , 
O.OOOOOE+OO , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
o’. OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
o’. OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO i 
0 . OOOOOE+OO 

0 . OOOOOE+OO 
O.OOOOOE+OO 
0 . OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 


60200E-05 , 

, 80071E-05 , 

. 11838E-04 , 

. 15989E-03 , 
.95798E-04 , 

45378E-04 , 

.10797E-04 , 

K91284E-05 , 

) . 31758E-04 , 

) . 43079E-04 , 

0 . 84655E-05 , 
0.41588E-05 , 
0.14620E-05 , 

0.44639E-05 , 
0.39914E-05 , 

0.12379E-05 , 

0.15389E-05 , 

0 . 68307E-06 , 
0.20179E-05 , 
0.12220E-05 , 

0.79984E-07 , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 

O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 
O.OOOOOE+OO , 


E-37 



HL-20 Aerodynamics Tables (version 2.0) 


TABLE 6 - 


TABLE 7 - 

0 . 20 , 


0.40, 


0.60, 


0.80, 


1 . 00 , 


1.50, 


2 . 00 , 


DYNAMIC DAMPING COEFFICIENTS 
-0 . 22364E+00 , 0.20457E-01 , 

0 . 40031E+00 , -0.15518E-01 , 
-0 . 55242E+00 , 0.14478E-01 , 

-0.79533E+00 , -0.12647E-01 , 
0 . 44685E+00 , 0.67411E-01 , 


-0.16741E-02 , 
-0.12143E-03 , 
-0.11545E-02 , 
0 . 32696E-03 , 
-0.51866E-02 , 


AERO INCREMENTS DUE TO GROUND EFFECTS 


0 . 10077E-02 , 
0 . 60874E-03 , 
0.11326E-02 , 
-0.10823E-02 , 
0 . 41682E-03 , 
-0.54252E-03 , 

0 . 47455E-03 , 
0 . 23668E-03 , 
0 . 50739E-03 , 
-0.36936E-03 , 
0.11028E-03 , 
-0.16672E-03 , 

0.26716E-03 , 
0 . 13195E-03 , 
0 . 26914E-03 , 
-0.17764E-03 , 

0 . 41297E-04 , 
-0.74704E-04 , 

0 . 16541E-03 , 

0 . 79803E-04 , 

0 . 16451E-03 , 
-0.10104E-03 , 
0.18754E-04 , 
-0.39922E-04 , 

0 . 10971E-03 , 
0.58622E-04 , 

0 . 99908E-04 , 
-0 . 64524E-04 , 
0.91868E-05 , 

-0 . 24096E-04 , 

0 . 55280E-04 , 
0.29373E-04 , 
0.41900E-04 , 

■0 . 27670E-04 , 

0 . 21156E-05 , 

■0 . 10455E-04 , 

0 . 28004E-04 , 
0.13069E-04 , 
0.19082E-04 , 

0 . 15379E-04 , 

0 . 61168E-06 , 

0 . 43880E-05 , 


0 . 19604E-02 , 
-0.31049E-03 , 
-0.41919E-03 , 
-0.28966E-04 , 
0 . 16561E-04 , 
-0 . 38828E-05 , 

0 . 82421E-03 , 
-0 . 12906E-03 , 
-0.12736E-03 , 
-0.11188E-04 , 
0.63830E-05 , 
-0.20940E-05 , 

0 . 45519E-03 , 
-0.77180E-04 , 
-0. 48441E-04 , 
-0.60701E-05 , 

0 . 37128E-05 , 
-0.13747E-05 , 

0 . 28841E-03 , 
-0 . 50324E-04 , 
-0.22609E-04 , 
-0 . 40132E-05 , 

0 . 23532E-05 , 
-0.10138E-05 , 

0 . 19906E-03 , 
-0.37645E-04 , 
-0 . 79090E-05 , 
-0.27175E-05 , 
0.17075E-05 , 
-0.10173E-05 , 

0 . 96825E-04 , 
-0 . 20237E-04 , 
-0.53508E-06 , 
-0.12770E-05 , 

0 . 80916E-06 , 
-0.43728E-06 , 

0.58642E-04 , 

-0 . 99123E-05 , 
0.14482E-05 , 
-0.52832E-06 , 
0.62216E-06 , 

-0 . 64274E-06 , 


0.93753E-04 , 
0.82571E-04 , 
-0.17272E-04 , 
-0 . 32482E-05 , 
0 . 20538E-05 , 
-0 . 42661E-06 , 

0 . 39025E-04 , 
0.33523E-04 , 
-0 . 40970E-05 , 
-0.12425E-05 , 
0.78170E-06 , 
-0 . 11555E-06 , 

0 . 21213E-04 , 

0 . 19470E-04 , 
-0 . 83234E-06 , 
-0.65181E-06 , 
0.38371E-06 , 
-0.39619E-07 , 

0.13070E-04 , 
0.12743E-04 , 
0.37014E-06 , 
-0.38421E-06 , 
0.23153E-06 , ■ 
-0.93363E-08 , 

0 . 88085E-05 , - 
0 . 92368E-05 , - 
0 . 41607E-06 , - 
-0 . 25996E-06 , 

0 . 15114E-06 , - 
0.21477E-07 , - 

0 . 41891E-05 , - 
0 . 48321E-05 , - 
0 . 52704E-06 , - 
-0 . 13321E-06 , 

0 . 74727E-07 , - 
0 . 12381E-07 , - 

0 . 23064E-05 , - 
0 . 27011E-05 , - 
0 . 39303E-06 , - 
-0 . 98169E-07 , 

0 . 19447E-07 , -i 
0 . 38076E-07 , -i 


0.31618E-04 , 
0 . 18240E-04 , 
0.17706E-04 , 
-0 . 65929E-05 , 
0.12659E-03 , 


-0 . 37036E-05 , 
-0.20609E-05 , 
0 . 71748E-06 , 
0 . 10669E-06 , 
-0 . 66433E-07 , 
0 . 15216E-07 , 

-0.15467E-05 , 
-0 . 83508E-06 , 
0 . 18723E-06 , 
0.40870E-07 , 
-0 . 25271E-07 , 
0.47750E-08 , 

-0.84572E-06 , 
-0.48333E-06 , 
0 . 52247E-07 , 
0.21632E-07 , 
-0 . 12610E-07 , 

0 . 21351E-08 , 

-0.52523E-06 , 
-0.31604E-06 , 

0 . 35993E-08 , 
0.12968E-07 , 
-0.77115E-08 , 

0 . 94863E-09 , 

-0 . 35757E-06 , 
-0.22842E-06 , 
-0 . 58712E-08 , 
0.87593E-08 , 

■0 . 50597E-08 , 
•0.20992E-11 , 

■0.17078E-06 , 

0 . 11916E-06 , 
0.13116E-07 , 
0.44742E-08 , 

0 . 24662E-08 , 

0 . 15583E-09 , 

0 . 97243E-07 , 

0 . 66648E-07 , 

0 . 11415E-07 , 

0 . 31583E-08 , 

. 64746E-09 , 

. 72546E-09 , 
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2.50, 


TABLE 8 - 

0 . 00 , 


15.00, 


30.00, 


60.00 


90.00 


0 . 00000E+00 , 
0 . 00000E+00 , 
0 . 00000E+00 , 
0 . 00000E+00 , 
0 . 00000E+00 , 
0 . 00000E+00 , 


0 . 00000E+00 , 
0 . OOOOOE+OO , 
0 . 00000E+00 , 
0. 00000E+00 , 
0. 00000E+00 , 
0. OOOOOE+OO , 


0. 00000E+00 , 
0. 00000E+00 , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


AERO INCREMENTS 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0.27578E-03 , 

0 . 14942E-02 , 

0 . 12141E-03 , 
-0.57975E-03 , 
0.18672E-03 , 

0 . 17390E-06 , 

0 . 56559E-03 , 

0 . 29416E-02 , 

0 . 29296E-03 , 
-0 . 15727E-02 , 

0 . 39658E-03 , 
0.94610E-04 , 

0 . 92879E-03 , 
0.51964E-02 , 
0 . 57038E-03 , 
-0 . 38220E-02 , 
0 . 63382E-03 , 
0.43296E-03 , 

0 .9297 6E-03 , 
0 . 60569E-02 , 
0.69595E-03 , 
-0 . 48570E-02 , 
0;51721E-03 , 
0 . 60258E-03 , 


DUE TO LANDING 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0 . 19298E-04 , 
-0.19628E-04 , 

0 . 22890E-05 , 
-0 . 16929E-05 , 

0 . 83805E-06 , 

0 . 35055E-08 , 

0.19548E-03 , 
-0 . 37504E-04 , 
-0 . 20561E-04 , 
-0 . 42029E-05 , 

0 . 14724E-05 , 
0.46810E-06 , 

0 . 56937E-03 , 
-0 . 63856E-04 , 
-0 . 54086E-04 , 
-0 . 88574E-05 , 
0 . 38020E-05 , 
0.21707E-05 , 

0 . 71877E-03 , 
-0.73249E-04 , 
-0.51740E-04 , 
-0.11288E-04 , 
0.44366E-05 , 
0 . 29572E-05 , 


GEAR 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 
0. OOOOOE+OO , 

0.26786E-05 , 

0 18435E-05 , 
-0 . 47874E-06 , 
-0 . 23445E-06 , 

0 . 14454E-06 , 
-0 . 30813E-07 , 

0 . 15689E-04 , 
0.25096E-05 , 
-0.21799E-05 , 
-0 . 68587E-06 , 
0.46250E-06 , 
-0 . 11791E-06 , 

0 . 42266E-04 , 
0 . 16969E-05 , 
-0.46249E-05 , 
-0 . 17717E-05 , 
0 . 10481E-05 , 
-0 . 38489E-06 , 

0 . 53370E-04 , 
0 . 62029E-06 , 
-0 . 43182E-05 , 
-0.23133E-05 , 
0.13916E-05 , 
-0 . 51784E-06 , 


0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 
0. OOOOOE+OO , 


0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 

0. OOOOOE+OO , 
O.OOOOOE+OO , 

-0.82093E-07 , 
-0 . 38439E-07 , 

0 . 12033E-07 , 

0 . 74864E-08 , 
-0.44275E-08 , 

0 . 95073E-09 , 

-0 . 53547E-06 , 
-0 . 45240E-07 , 

0 . 70173E-07 , 

0 . 21504E-07 , 
-0 . 13934E-07 , 

0 . 32628E-08 , 

-0 . 14710E-05 , 
-0.67674E-08 , 
0 . 15511E-06 , 
0 . 54512E-07 , 
-0 . 31348E-07 , 
0.10250E-07 , 

-0 . 18575E-05 , 
0 . 28351E-07 , 
0.14397E-06 , 
0.71074E-07 , 
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Dynamic check case plots 

This appendix contains time history plots of the response ? f J ® 

Lesley simulation implementation and HL 20 simulations implemented at other facilities. 

sr rsiff j 

guidance errors (plot page 17) are non-zero. 

There are three different flight conditions represented which correspond to the three mm 
conditions given in the previous appendix (Appendix E): 


Trim case 'O': 
Trim case '2': 
Trim case '4': 


300 KEAS at 10,000 feet altitude 
Mach 2 at 58,700 feet altitude 
Mach 4 at 105,000 feet altitude 


For each check case there are four separate maneuvers plotted corresponding to four 
different control inputs. For each case, the control inputs occur in the same order. 

Aft pitch stick pulse of one second duration, commencing at t = 1 second 

Right roll stick pulse of one second duration, commencing at t = 1 second 

Right rudder pedal pulse of one second duration, starting at t = 1 second 

Speedbrake handle pulse of three seconds duration, starting at t = 1 second 

(see the glossary, appendix A, for a definition of the signal names). 


Page Title 

1 Pilot inputs 

2 Velocities 

3 Flow & flight path angles 

4 C. G. position states 

5 Euler angles 

6 Body axis velocities 

7 Body axis angular rates 

8 Body axis lin. accels 

9 Body axis ang. accels 
10 Aero coefficients - force 


irameters 

CPILOT DWPILOT, DPPILOT, DLSBCOM (units) 
(knots), QBAR (psf), VTOTAL1 [(fpsX MACH 
LPDEG, BETADEG, GAMMAD, TKANG (degrees) 

IT, SX. SY (feet) x 

LT (feet), PHID, THETAD, PSID (degrees) 

(, B, W, HDOT (ft/sec) 

DEG, QDEG, RDEG (degrees/second) 

JDOT, VDOT, WDOT (ft/sec 2 ) 

DOT, QDOT, RDOT (rad/sec 2 ) 

:ltot, cdtot, cytot 


F-1 


1 1 Aero coeffs. - moments 

12 Aero forces 

13 Aero moments 

14 C.G. accelerations 

15 FCS mode flags 

16 Guidance commands 

17 Guidance errors 

18 FCS surface commands 

19 Surf, positions #1 

20 Surf, positions #2 


CLLTOT.CMTOT , CLNTOT (measured at mom. ref.) 
■Xf Y, Z (lbs) 

L, M, N (ft-lbs) 

ANX, ANY, ANZ (“g” units) = rri 
LFCS, MFCS, MGUID, MCONFIG (integers) 
AOACMD, GAMCMD, PHICMD, PSICMD (degrees) 
HER, PSIERR, XTK (various units) 

DECMD, DACMD, DRCMD, DSBCMD (degrees) 
DLE, DRE, DLRDEG, DLGPCT (degrees) 

DUL, DUR, DLL, DLR (degrees) 


*“* **«** iiSsF x 4 "g™? x 3 0im «*■' - 240 VV* f 


.. . . man< 

time history plots, arranged as follows: 


Trim case 0 (subsonic): 

Pitch pulse .... . . ... . .7. . 

Lateral pulse... 

Directional pulse ....... 

Speed brake pulse 

Trim case 2 (Mach 2): 


F-3 

F-23 

F-43 

F-63 


Pitch pulse.............. 

Lateral pulse 

Directional pulse 

Speed brake pulse 

Trim case 4 (Mach 4): 


F-83 
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F-123 

F-143 


Pitch pulse 

Lateral pulse 

Directional pulse ... 

Speed brake pulse 


F-163 

F-183 

F-203 

F-223 


F-2 












































CLTOT 





























Ml IH 





























































































Tue Dec 10 13:59:17 1991 


HL-20 Dynamic Check Case Data Plots 911 206 
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Right Roll Stick Pulse at Mach 2 and 58,700 ft 
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